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(57) Abstract: The induction of HLA-A*0201 restricted CD8+ T cell responses against an immunodominant and highly conserved 
antigen of mycobacteria (hsp65) in HLA-A*0201/Kb (A2/Kb) transgenic mice and humans is disclosed. At least six high affinity 
HLA-A*0201 binding CTL epitopes are described, one of which appears to be identical in a large number of pathogenic bacteria, 
and is recognized in a CD8 independent fashion. This peptide induces CD8+ T cells both in humans and in HLA-A*0201/Kb trans- 
genic mice, which respond to the mycobacterial hsp65 epitope pulsed target or BCG infected macrophages but not to un-infected 
macrophages or to the same target pulsed with the corresponding human hsp65 homologue. The mycobacterial hsp65 epitope is 
generated efficiently, whereas the human hsp65 homologue fails to be processed, thus avoiding induction of autoreactivity. Thus, 
herein described are high affinity HLA class I binding epitopes that are naturally processed and are recognized efficiently by HLA 
class I restricted CD8 T cells thereby affording sub-unit vaccines against tuberculosis and other infectious diseases. 



WO 01/16174 PCT/IB00/01326 

INDUCTION OF CYTOTOXIC T LYMPHOCYTE RESPONSE BY 
HLA CLASS IA RESTRICTED EPITOPES OF 
MYCOBACTERIAL HEAT SHOCK PROTEIN 65 

5 FIELD OF THE INVENTION 

The present invention relates generally to the induction of cytotoxic 
T lymphocyte (CTL) responses to polypeptides containing epitopes derived 
from the Mycobacterial heat shock protein 65 as well as to uses of such 
0 polypeptides to protect against bacterial and parasitic infections, such as 
tuberculosis. 



BACKGROUND OF THE INVENTION 

5 

Mycobacterium tuberculosis (MTB) is the leading cause of death 
from a single infectious pathogen, accounting for 10 million new cases 
and three million deaths annually (1). An attenuated strain of 
Mycobacterium bovis, Bacille Calmette- Guerin (BCG), is the only available 
vaccine today. The efficacy of this widely administered vaccine is a 
subject of controversy, varying from as high as 80% to as little as zero 
(2). As the incidence of tuberculosis is increasing worldwide, the 
development of successful new vaccines to replace BCG is urgently 
needed. A better understanding of the immunological mechanisms 
involved in the protection from MTB is expected to help in designing 
better prophylactic as well as therapeutic vaccines (3-7). 

It is well established that protective immunity to TB depends on 
both MHC class II restricted CD4 T helper cells secreting type-1 
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cytokines, as well as MHC class I restricted CD8 cells (3, 8-15). The 
antigens which are recognized by CD4 + T cells have been in part 
characterized, as exemplified by the mapping of multiple HLA-DR and - 
DQ presented epitopes on the mycobacterial hsp65 (Mhsp 65) (16-18). 
5 Other examples of T-cell stimulating antigens from MTB are the non- 
peptidic phospho-ligand presented to gamma- delta TCR + cells by as yet 
unidentified cell surface molecules, as well as several non-classical 
epitopes consisting of mycobacterial lipoglycan moieties recognized by 
double negative ap TCR + and a subset of CD8 + cells in the context of 

10 CD1 molecules (19-22). In contrast, however, the target antigens 
recognized by classical MHC class I restricted CD8 + T cells which 
presumably represents a major subset of the CD8 compartment, have 
remained largely unknown (13, 22-25). CD8 + T cells may be the most 
efficient lymphocyte subset in mediating protection from and resistance to 

15 tuberculosis (26-31), as concluded from both animal models, such as the 
P2 microglobulin (p2m) knockout mouse (26, 32), antibody depletion and 
passive transfer experiments of T-cell subsets (28, 33-36), as well as 
from studies done on tuberculosis patients and healthy human subjects 
(37-40). The mechanism of MTB facilitated MHC class I presentation was 

20 recently shown to be dependent upon the transporter associated with 
antigen processing (TAP) (41). It is also noteworthy that infected 
parenchyma cells of the lung are amenable to immuno-surveillance only 
via classical MHC-I restricted CD8 T-cells because they do not express 
MHC-II or non classical MHC-I antigen presenting molecules (42, 43). This 

25 might explain why the local immune response in the lung is especially 
dependent on the CD8+ T cells (13, 44). Indeed, mycobacteria protein 
specific and HLA class I restricted killing was recently demonstrated using 
alveolar lymphocytes (37). Tascon et al have recently reported that 
immunization with the M. leprae hsp65 expressing plasmid could lead to a 

30 comparable protection against tuberculosis as that obtained with BCG 
(45). This protection was correlated with high levels of cytotoxicity and 
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IFN-y release and was later reported to be as sustained as that achieved 
by BCG (46). Also, adoptively transferred protection with hsp 65-reactive 
T cell clones was reported to be particularly associated with cytotoxicity 
mediated by CD8 + T cells (27, 30). In another study, the CD8 + subset of 
5 CTLs was the only population of T cells capable of decreasing bacterial 
growth in infected macrophages in vitro (13). Therefore, efforts to define 
the antigens as well as the immunodominant epitopes recognized by 
CD8 + T cells are important for the development of vaccines against TB 
and other intracellular pathogens. 

10 

The use of HLA-A*0201 transgenic mice to assess in vivo 
immunogenicity induced by DNA or peptide immunization has proven to 
be an excellent model system to identify and study HLA-A*0201 
restricted CTL epitopes (47-50). Their specific CTL response was found to 

15 correlate well to that of HLA-A*0201 humans (51). Here we show that 
both DNA and peptide based immunization results in strong HLA-A*0201 
restricted CTL responses to specific peptide epitopes. We define several 
naturally processed HLA-A*0201 presented CTL epitopes of the 
immunodominant hsp 65 molecule. Despite the strong homology between 

20 mycobacterial and eukaryotic hsp65, none of the identified mycobacterial 
epitopes was identical to the corresponding mouse or human hsp 65 
sequences. One of these epitopes, the dominant high affinity 
Mhsp65(9 369 ) epitope is remarkably identical to that of other organisms 
including a large number of human pathogens such as M. leprae, M. 

25 paratuberculosis, Brucella abortus, Leptospira interrogans, Legionella 
pneumophila, Coxiella burnetii, Staphylococcus aureus, Salmonella typhi, 
Yersinia enterocolitica, Neisseria meningitidis, Neisseria gonorrhoeae, 
Haemophilus influenzae and Pseudomonas aeruginosa. Of note, this 
epitope is also strongly homologous to the human sequence, yet it does 

30 not induce a cross reactive T cell response. In addition, while the 
Mhsp65(9 369 ) epitope is well generated by human or mouse proteasomes 
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the homologous human sequence is most likely not so. This epitope 
therefore allows further studies of the role of HLA class I restricted CTL 
mediated immune responses in the protection from a variety of major 
infectious diseases, and should be considered for use in inducing 
5 protective immunity against a broad variety of different pathogens. 



BRIEF SUMMARY OF THE INVENTION 

10 

The present invention relates to the use of small epitopic 
sequences, and sequences having homology thereto, to induce formation 
of cytotoxic T lymphocyte (CTL) responses to said epitopes as a means of 
treating and/or preventing infections by microbial agents, especially 
15 bacteria, most especially mycobacteria. 

It is an object of the present invention to provide epitopic 
sequences capable of generating specific CTL responses in an animal, 
such as a human, especially one infected with a microbial agent, or at risk 
20 of such infection. 

It is also an object of the present invention to provide immunogens, 
and immunogenic composition, including immunogens that comprise, or 
consist of, polypeptide structure that themselves contain sequences 
25 homologous to the epitopic sequences disclosed according to the 
invention and wherein such immunogens are useful in eliciting specific 
CTL responses in vivo or ex vivo. Such methods may or may not include 
the use of an antigen presenting cell (APC). 

30 It is another object of the present invention to provide vaccines for 

use in preventing microbial infections using vaccines comprising the 
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immunogens disclosed according to the present invention, as well as 
vaccines comprising DNA encoding polypeptides disclosed according to 
the invention. Such DNA vaccines include plasmid-based vaccines as well 
as DNA-vaccines wherein the DNA is contained within a virus, such as 
5 Adeno- Associated Virus (AAV). 

It is a further object of the present invention to provide methods for 
screening and/or diagnosing microbial-mediated diseases using the 
immunogens disclosed herein. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Six HLA-A*0201 restricted Mhsp65 derived peptides are 
15 CTL epitopes. Mice were immunized with pDNA expressing the Mhsp65. 
Splenocytes were re-stimulated once in vitro with the relevant peptide as 
indicated next to x-axis and tested after 5-7 days against the indicated 
target in a conventional 51 Cr release cytotoxicity assay. Similar data were 
obtained from at least two independent experiments. 

20 

Figure 2. The Mhsp65(9 369 ) specific CTL are of high affinity. Peptides 
specific CTL lines were prepared as described in Fig. 1 and tested against 
the target cell line T2 which lack the mouse CD8 binding site in a 
conventional 51 Cr release cytotoxicity assay. Similar data were obtained 
25 from at least two independent experiments. 

Figure 3. Peptide KLAGGVAVL (PGhsp65(9 369 )) can induce specific 
CTL from the splenocytes of Mhsp65 pDNA immunized mice. A CTL line 
was prepared by stimulating splenocytes with peptide for five days. Lysis 
30 of the JK-A2/Kb cells pulsed with PGhsp65(9 369 ) or as control unpulsed or 
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HIV peptide pulsed cells was measured with a conventional 51 Cr release 
cytotoxicity assay. 

Figure 4. a) Peptide immunization with the Mhsp65(9 369 ) induce 
5 specific CTL that do not cross react with the corresponding sequence 
from the human or the mouse hsp65. Mice were primed and boosted after 
two weeks with Mhsp65(9 369 ) peptide emulsified in IFA. Ten days after 
the boosting splenocytes were re-stimulated once in vitro and tested 
against the indicated target in a conventional 51 Cr release cytotoxicity 

10 assay. Similar data were obtained from three independent experiments, b) 
Peptide immunization with the Mhsp65(9 369 ) induce a specific proliferative 
response as compared to immunization with the influenza MP peptide. 
Splenocytes were prepared as described in figure 1 and pulsed with 
peptides, recombinant Mhsp65 or PPD. Five days later, the cells were 

15 pulsed with 1 (aCi of 3 H-thymidine, further incubated for 18 hours and 
then harvested. The amount of incorporated tritium labeled thymidine is 
expressed as count per minute. The SDs were <10%. 

Figure 5. Mhsp65(9 369 ) specific clones exert specific cytotoxicity 
20 and IFN-y production. Clones were prepared by limiting dilution, a) 
Cytotoxicity was measured against Jk-A2/Kb unpulsed or pulsed with 
Mhsp65(9 369 ) using a conventional 51 Cr release assay. IFN-y production 
was measured by ELIspot assay using syngeneic splenocytes as 
stimulator and 500 cells from Clone D1 in the presence of the denoted 
25 peptide. The number of IFN-y producing cells is expressed as the number 
of spot forming cells (SFC). Peptides were added at different 
concentrations as indicated (b). The IFN-y production is HLA Class I 
restricted. The assay was performed as in b in the presence of l^g/ml 
from the indicated peptide in the absence (open bar) or presence (hatched 
30 bar) of the HLA Class I specific antibody W6/32 (c). 
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Figure 6. Proteasome-mediated digestion of 26-mer substrate 
peptides containing the Mhsp65(9 369 ) epitope (A and C) and the 
human/murine homologue Huhsp65(9 396 ) (B and D). Only the epitope 
containing fragments with the correct C-terminal residues are depicted. 

5 

The 26-mer Mhsp65(9369) peptide: 

EKLQERLAK LAGGVAVI KAGAATEVE (SEQ ID NO: 84) 

369 37/ 

The 26-mer Huhsp65(9396) peptide: 
10 KEKLNERLAK...LSDGVAVL KVGGTSDV (SEQ ID NO: 85) 

396 

Both human 20S proteasomes derived from Hela cells (A and B) and 
mouse 20S proteasomes derived from RMA cells (C and D) were used. 

15 Figure 7. a) The detection of Mhsp65(9 369 ) specific CTL activity 

from a human T-cell line generated with peptide pulsed DC as stimulator 
cells. After several autologous restimulations, the T cells were used as 
effectors in a 51 Cr release assay, with JY EBV-BLCL as the target cell line, 
b) Human CD8 + CTL are specific to peptides Mhsp65(9 369 ) and 

20 PGhsp65(9 369 ) as measured by there ability to respond with TNF-a 
release. TNF-a was measured using the TNF-a sensitive cell line WEHI. c, 
d) Human CD8 + CTL are specifically induced to produce IFN-y (c) and 
TNF-a (d) by infected but not by non infected monocytes. IFN-y 
production was measured using ELISA or WEHI sensitivity assay. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates generally to immunogens and 
30 immunogenic compositions, and methods of use therefor, for the 

7 
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prevention, treatment, and diagnosis of microbial infections, especially 
bacteria and parasites. The invention discloses peptides, polypeptides, 
and polynucleotides that can be used to stimulate a CTL response against 
such microbes. 

The present invention relates to isolated peptide epitopes, 
especially epitopic peptides, wherein the epitopic portion of the peptide is 
at least about 8 amino acids in length, preferably about 9 amino acids in 
length (i.e., nonapeptides), and no longer than about 1 1 amino acids in 
length, and having an amino acid sequence at least about 55%, preferably 
at least about 75% identical to an amino acid sequence selected from the 
group consisting of the amino acid sequences of SEQ ID NOS: 2, 3, 4, 7, 
17 and 31, preferably SEQ ID NO: 4. The epitopic sequences of isolated 
peptides of the present invention also can differ from the sequences of 
SEQ ID NO: 2, 3, 4, 7, 17 and 31 by no more than about 2 amino acid 
residues (see Table 4), with such differences preferably being a 
conservative amino acid residue. Said isolated peptides are commonly 
immunogens, or at least can have immunogenic activity, possibly 
requiring a larger carrier molecule to facilitate such activity, or said 
peptides may have immunogenic activity when part of a larger structure, 
such as a polypeptide, other than the mycobacterial heat shock protein 65 
(Mhsp65) itself or the human heat shock protein 65. Such peptides may 
also have immunogenic activity when part of a composition containing 
one or more of said epitopic peptides, which may be present in any 
combination and with each such peptide being present in one or more 
copies. 

Thus, the epitopic, or immunogenic, peptides (SEQ ID NOs: 2, 3, 4, 
7, 17 and 31) of the present invention may be natural peptides, or they 
may be produced by synthetic or recombinant methodologies that are well 
known and clear to the skilled artisan (Grant, G. A., Synthetic Peptides: A 
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User's Guide, 1992, W. H. Freeman and Company, New York; Coligan, J. 
E. et al, Current Protocols in Protein Science, 1999, John Wiley & Sons, 
Inc., New York). Besides peptides comprising SEQ ID NOs: 2, 3, 4, 7, 17 
and 31, the immunogens of the present invention may also comprise one 
5 or more other immunogenic peptides that are known to be associated 
with the infectious microbes disclosed herein, especially those 
demonstrated to cross-react with the epitopes of the invention (see Table 
3) and which may stimulate a CTL response whereby the immunogenic 
peptides associate with HLA IA. Said immunogenic peptides could be in 

10 the form of a pool of peptides, or a composition comprising one or more 
of the immunogenic peptides, each present in almost any ratio of 
concentration relative to the others, including pools or compositions 
containing copies of one of the immunogenic peptides, or possibly 2, or 
3, or more, each present in a concentration either related or unrelated to 

15 that of each, or some, or all of the other peptides. Such compositions 
can, therefore, be homogeneous or heterogeneous with respect to the 
individual immunogenic peptide components present therein, having only 
one or more than one of such peptides. For example, an isolated peptide 
of the present invention can have the sequence of SEQ ID NO: 2, 3, 4, 7, 

20 1 7 and 31 , especially 4. 

The immunogenic peptides of the present invention may likewise be 
represented within an oligopeptide or polypeptide that comprises a 
peptide epitope portion of at least one of SEQ ID NO: 2, 3, 4, 7, 17 and 
31 . The oligopeptides and polypeptides may be derived by fractionation of 

25 the naturally occurring Mhsp65 protein by methods such as protease 
treatment, or they may be produced by recombinant or synthetic 
methodologies that are well known and clear to the skilled artisan 
(Ausubel, F. M. et al, Current Protocols in Molecular Biology, 1999, John 
Wiley & Sons, Inc., New York; Coligan, J. E. et al, Current Protocols in 

30 Protein Science, 1999, John Wiley & Sons, Inc., New York; Molecular 



9 



WO 01/16174 



PCT7IB00/01326 



Cloning: A Laboratory Manual, 1989, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor). The polypeptide may comprise: a large portion 
of the Mhsp65-derived protein; fragments of the Mhsp65-derived protein 
that comprise at least one of SEQ ID NOs: 2, 3, 4, 7, 17 and 31; a 
5 recombinant or synthetic polypeptide that comprises at least one of SEQ 
ID NOs: 2, 3, 4, 7, 17 and 31; any other sequences or combination of 
sequences derived from the Mhsp65 protein such as a sequence 
comprising SEQ ID NO: 4. Thus, oligopeptides and polypeptides of the 
present invention may have one, two, three, or more such immunogenic 

10 peptides within the amino acid sequence of said oligopeptides and 
polypeptides, and said immunogenic peptides, or epitopes, may be the 
same or may be different, or may have any number of such epitopes 
wherein some of them are identical to each other (in amino acid 
sequence) while others within the same polypeptide sequence are 

15 different from each other and said epitopes may occur in any order within 
said immunogenic polypeptide sequence. The location, arrangement, and 
ordering of the immunogenic peptides within the sequence of an 
immunogenic oligopeptide or polypeptide of the present invention will 
probably, although not necessarily, affect the ability of the various 

20 epitopes to be processed from the oligopeptide or polypeptide and to 
consequently be available to bind to the HLA IA molecules. Thus, the 
location, arrangement, and ordering of these immunogenic peptides 
affords the user, either researcher or clinician, with the opportunity to 
regulate such interaction, or interactions, on the basis of the sequence of 

25 the immunogenic oligopeptide or polypeptide generated according to the 
methods disclosed herein. 

Thus, in one embodiment, the present invention relates to an 
isolated peptide of at least 8 amino acid residues in length and having an 
amino acid sequence at least 85% identical to the sequence selected from 
30 the group consisting of SEQ ID NOS: 2, 3, 4, 7, 17 and 31. In another 
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embodiment, the present invention is directed to an isolated peptide 
epitope of no more than about 1 1 amino acids in length comprising a 
sequence selected from the group consisting of SEQ ID NOS: 2, 3, 4, 7, 
17 and 31. Specific embodiments of the invention disclosed herein relate 
5 to an isolated nonapeptide having an amino acid sequence selected from 
the group consisting of SEQ ID NOS: 2, 3, 4, 7, 17 and 31 and an 
isolated nonapeptide having a sequence differing by no more than 2 
amino acids from a sequence selected from the group consisting of SEQ 
ID NOS: 2, 3, 4, 7, 1 7 and 31 and especially wherein in the latter 
10 embodiment, the amino acid difference is a substitution of one 
conservative amino acid for another. 

Conservative substitutions are herein defined as exchanges within 
one of the following five groups: Group 1 —small aliphatic, nonpolar or 
slightly polar residues (Ala, Ser, Thr, Pro, Gly); Group 2 — polar, negatively 
15 charged residues and their amides (Asp, Asn, Glu, Gin); Group 3 — polar, 
positively charged residues (His, Arg, Lys); Group 4— large, aliphatic, 
nonpolar residues (Met, Leu, Me, Val, Cys); and Group 4 — large , aromatic 
residues (Phe, Tyr, Trp). 

Where the immunogen comprises two or more immunogenic 
20 epitopes, or epitopic peptides, they may be linked directly together, or 
through a spacer or linker, to form a larger structure, such as an 
oligopeptide, or polypeptide, or some other polymeric structure. The 
epitopic peptides may therefore be linked by any and all means that can 
be devised by the chemist so long as the immunogenic activity of the 
25 overall structure or complex is maintained or, at least, not reduced below 
a level useful for the methods of the invention (i.e., especially where said 
immunogenic activity comprises being capable of eliciting a CTL 
response). Likewise, the immunogenic peptide may be linked directly to, 
or through a spacer or linker to: an immunogenic carrier such as serum 
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albumin, tetanus toxoid, keyhole limpet hemocyanin, dextran, or a 
recombinant virus particle; an immunogenic peptide known to stimulate a 
T helper cell type immune response; a cytokine such as interferon gamma 
or GMCSF; a targeting agent such as an antibody or receptor ligand; a 
5 stabilizing agent such as a lipid; or a conjugate of a plurality of epitopes to 
a branched lysine core structure, such as the so-called "multiple antigenic 
peptide" described in (Posnett, D. N. et al., J.Biol.Chem., 263:1719- 
1725, (1988)); a compound such as polyethylene glycol to increase the 
half life of the peptide; or additional amino acids such as a leader or 

10 secretory sequence, or a sequence employed for the purification of the 
mature sequence. Spacers and linkers are typically comprised of relatively 
small, neutral molecules, such as amino acids and which are substantially 
uncharged under physiological conditions. Such spacers are typically 
selected from the group of nonpolar or neutral polar amino acids, such as 

15 glycine, alanine, serine and other similar amino acids. Such optional 
spacers or linkers need not be comprised of the same residues and thus 
may be either homo- or hetero-oligomers. When present, such linkers will 
commonly be of length at least one or two, commonly 3, 4, 5, 6, and 
possibly as much as 10 or even up to 20 residues (in the case of amino 

20 acids). In addition, such linkers need not be composed of amino acids but 
any oligomeric structures will do as well so long as they provide the 
correct spacing so as to optimize the desired level of immunogenic 
activity of the immunogens of the present invention. The immunogen may 
therefore take any form that is capable of eliciting a CTL response, 

25 especially a CD8 + CTL response. 

In addition, the immunogenic peptides of the present invention may 
be part of an immunogenic structure via attachments other than 
conventional peptide bonds. Thus, any manner of attaching the peptides of 
the invention to an immunogen of the invention, such as an immunogenic 
30 polypeptide as disclosed herein, could provide an immunogenic structure as 
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claimed herein. Thus, immunogens, such as peptides of the invention, are 
structures that contain the peptides disclosed according to the present 
invention but such immunogenic peptides may not necessarily be attached 

a 

thereto by the conventional means of using ordinary peptide bounds. The 
5 immunogens of the present invention simply contain such peptides as part 
of their makeup, but how such peptides are to be combined to form the 
final immunogen is left to the talent and imagination of the user and is in no 
way restricted or limited by the disclosure contained herein. 

The peptides useful in practicing the methods of the present 
10 invention need not be the optimal peptides for stimulating a CTL response. 
See, for example, (Parkhurst, M. R. et al., J.Immunol., 157:2539-2548, 
(1996); Rosenberg, S. A. et al., Nat. Med., 4:321-327, (1998)). Thus, there 
can be utility in modifying a peptide, such that it more readily induces a CTL 
response. 

15 

Thus, the present invention is directed to the use of specific 
peptide epitopes to induce a cytotoxic T lymphocyte (CTL) response in an 
animal. Mycobacteria are intracellular pathogens which reside in 
macrophages (62). Vaccines targeting mycobacterial pathogens are 

20 therefore crucially dependent on the triggering of a T cell mediated 
immune response. Accordingly, the definition of MHC class I restricted 
CD8 + CTL that are able to recognize mycobacteria derived epitopes is of 
central importance for development of vaccines and diagnostic reagents 
to be used e.g. for DTH testing. In addition, elucidation of such epitopes 

25 provide a better understanding of the role of MHC class-l restricted CTL 
mediated immune responses in the protection from and susceptibility to 
infectious diseases. Here, we have used pDNA vaccination of HLA- 
A*0201/Kb transgenic mice with a full length mycobacterial gene to 
define the first human CTL epitopes from an immunodominant 

30 mycobacterial antigen, the hsp65 (63), and demonstrate that T cells 
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specific for at least one of these high affinity MHC binding epitopes 
(Mhsp65(9 369 )) are part of the T cell repertoire in HLA-A*0201 positive 
human beings. The same epitope was also shown to be expressed in 
monocytes/macrophages infected with live BCG, a finding of crucial 
5 importance in relation to the potential use of this epitope in protective 
vaccines. We also demonstrate the efficiency of the pDNA and peptide 
vaccination methods in activating cytotoxic, proliferative and cytokine 
producing T cell responses against a mycobacterial antigen, a finding with 
considerable clinical implications. 

10 

The immunogenic peptides and polypeptides of the invention can be 
prepared synthetically, by recombinant DNA technology, or they can be 
isolated from natural sources such as microbial cells expressing the heat 
shock protein 65, where said protein is homologous, especially highly 
15 homologous, to Mhsp65. 

The peptides can be synthesized in solution or on a solid support in 
accordance with conventional techniques. Various automated peptide 
synthesizers are commercially available and can be used in accordance with 
known protocols. See, for example, (Grant, G. A., Synthetic Peptides: A 
20 User's Guide, 1992, W. H. Freeman and Company, New York; Coligan, J. 
E. et al, Current Protocols in Protein Science, 1999, John Wiley & Sons, 
Inc., New York). Fragments of the polypeptide of the invention can also be 
synthesized as intermediates in the synthesis of a larger polypeptide. 

Recombinant DNA technology may be employed wherein a nucleotide 
25 sequence which encodes an immunogenic peptide or polypeptide of interest 
is inserted into an expression vector, transformed or transfected into an 
appropriate host cell, and cultivated under conditions suitable for 
expression. These procedures are well known in the art to the skilled 
artisan, as described in (Coligan, J. E. et al, Current Protocols in 



14 



WO 01/16174 



PCT7IB00/01326 



Immunology, 1999, John Wiley & Sons, Inc., New York; Ausubel, F. M. et 
al, Current Protocols in Molecular Biology, 1999, John Wiley & Sons, Inc., 
New York; Molecular Cloning: A Laboratory Manual, 1989, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor). Thus, recombinantly 
5 produced peptides or polypeptides can be used as the immunogens of the 
invention. 

The coding sequences for peptides of the length contemplated herein 
can be synthesized on commercially available automated DNA synthesizers 
using protocols that are well know in the art. See for example, (Grant, G. 

10 A., Synthetic Peptides: A User's Guide, 1992, W. H. Freeman and 
Company, New York; Coligan, J. E. et al, Current Protocols in Protein 
Science, 1999, John Wiley & Sons, Inc., New York). The coding 
sequences can also be modified such that a peptide or polypeptide will be 
produced that incorporates a desired amino acid substitution. The coding 

15 sequence can be provided with appropriate linkers, be iigated into suitable 
expression vectors that are commonly available in the art, and the resulting 
DNA or RNA molecule can be transformed or transfected into suitable hosts 
to produce the desired fusion protein. A number of such vectors and 
suitable host systems are available, and their selection is left to the skilled 

20 artisan. For expression of the fusion proteins, the coding sequence will be 
provided with operably linked start and stop codons, promoter and 
terminator regions, and a replication system to provide an expression vector 
for expression in the desired host cell. For example, promoter sequences 
compatible with bacterial hosts are provided in plasmids containing 

25 convenient restriction sites for insertion of the desired coding sequence. The 
resulting expression vectors are transformed into suitable bacterial hosts. Of 
course, yeast, insect, and mammalian host cells may also be used, 
employing suitable vectors and control sequences. 
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In accordance with the present invention, six HLA-A*0201 
restricted CTL epitopes were identified, and at least one of these, the 
Mhsp65(9 369 ) (SEQ ID NO: 4), is recognized with high affinity based on its 
independence of the CD8-MHC class I interaction to induce efficient 
5 specific cytotoxicity. Because all 6 epitopes were generated by priming 
mice with i.m. immunization with the full length Mhsp65 gene, the 
injected plasmid must have either directly transfected bone marrow 
derived dendritic cells or, alternatively, the Mhsp65 could have been 
expressed in myocytes followed by indirect processing by professional 
10 antigen presenting cells (APC). In either case, this has resulted in the 
generation of a number of naturally processed HLA-A*0201 associated 
peptide epitopes that were able to activate specific CTL including the six 
epitopes disclosed herein. 

15 DNA immunization is a novel approach to induce a specific immune 

responses to microorganisms and tumors (65), and has recently been 
reported to generate MTB specific CTL responses in mice (45, 66). This 
response was also shown to mediate protection when used in adoptive 
CTL transfer studies (30). DNA immunization with the full length Mhsp65 

20 not only elicits specific T-cell responses but also specific antibody 
responses (J. Charo et al, manuscript in preparation). In view of this 
efficient activation of both the cellular and the humoral immune system 
after pDNA hsp65 immunization it is likely that this is an efficient way of 
inducing protective as well as therapeutic immunity (67). 

25 

Of major importance is the observation that the Mhsp65(9 369 ) 
specific human CTL can respond specifically to BCG infected monocytes. 
This represents the first evidence of a mycobacterial antigen that 
presumably accesses the MHC-I processing and presentation pathway in 
30 human macrophages, a finding that is supported also by the proteasome 
digestion data. Macrophage activation by T helper 1 (Th1) cytokines is 
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essential for resistance to tuberculosis (68-71). Studies on IFN-y and IFN-y 
receptor knockout mice (72) and on IFN-y R or IL-12R{31 deficient patients 
(73) demonstrated the importance of this cytokine in the protective 
immunity against mycobacterial infection. Similar studies using TNF-a 
5 receptor knockout mice have also established the importance of TNF-a in 
the protection against mycobacteria (74). Our data on the induction of 
these two cytokines upon stimulation with Mhsp65(9 369 ) suggests that 
this immune response could lead to both macrophage activation and 
granuloma formation. 

10 

As the high-affinity Mhsp65(9 369 ) epitope is also recognized by 
human CTL, it appears as a particularly attractive candidate to be included 
in a peptide or pDNA epitope expressing mini-gene based vaccine. 
Furthermore, this peptide has a remarkable identity with the 

15 corresponding region of hsp60 from several pathogens including M. 
leprae, M. paratuberculosis, Coxiella burnetii. Brucella abortus, Leptospira 
interrogans, Legionella pneumophila, Staphylococcus aureus, Salmonella 
typhi, Yersinia enterocolitica, Neisseria meningitidis, Neisseria 
gonorrhoeae, Haemophilus influenzae and Pseudomonas aeruginosa. Also 

20 the rest of the immunogenic peptides described here have identical 
sequences in hsp65 from a number of pathogens. This might explain in 
part the cross-protection described earlier between different bacteria (75) 
and more importantly suggests a simple approach for vaccination against 
these diseases based on the use of a single epitope. The use of this 

25 epitope or T cell clones that specifically recognize it should help to extend 
our knowledge about the role of MHC class I restricted CTL mediated 
immune responses in the pathogenesis caused by or associated with 
these bacteria. This would be particularly beneficial in the cases of 
mycobacteria and yersinia where a role for CD8 + T cell mediated 

30 protection has already been described (13). 
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Mhsp65 shares a strong homology with human and mouse hsp65, 
and immunity to hsp65 has been implicated in several autoimmune 
conditions, including rheumatoid arthritis, diabetes and atherosclerosis 
(75-78). This has dampened the enthusiasm for using mycobacterial 
5 vaccines based on the full-length hsp65 molecule. Yet, when we here 
immunize with the full length Mhsp65 gene, the resulting immune 
response was solely directed against CTL epitopes with sequences that 
are not identical to human and mouse hsp65. Among these six epitopes 
defined here, the Mhsp65(9 362 ) is the one that has the most homology to 
10 the corresponding sequence from the mouse and the human hsp65 
(Huhsp65(9 396 ). However, a CTL line that specifically killed target cells 
pulsed with Mhsp65(9 362 ) did not cross react with the same target cells 
when pulsed with the Huhsp65(9 396 ) epitope. 

15 To further demonstrate the processing of mycobacterial and human 

hsp 65 sequences, purified proteasomes of human and mouse origin were 
used to show that these proteasomes efficiently generated the dominant 
Mycobacterial hsp65(9 369 ). In contrast, another high affinity HLA-A*0201 
binding peptide, not recognized by CTL, or the human/mouse hsp 65, 

20 were not processed by these proteasomes. A well-defined cleavage site 
behind the C-terminus of the (9 369 ) epitope was used, whereas the N- 
terminus was not as clearly defined. It has been reported for several CTL 
epitopes (79-81) that proteasomes properly define the C-terminus of MHC 
class I restricted epitopes, whereas the N-terminus of epitope-precursor 

25 peptides is frequently elongated by one or more amino acids. This requires 
N-terminal trimming events (81-83), but can allow more efficient TAP- 
translocation of epitopes that are not as efficiently translocated as the 
MHC class I presented minimal peptide sequence (84, 85). 

30 The relevant precursor fragments of the human/murine homologue 

sequence of the Mhsp65(9 396 ) epitope could not be detected in the 
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digests of the human homologue peptide. These experiments suggest that 
this peptide is not generated in vivo. Sequence alterations of only one 
amino acid within or outside a CTL epitope can already disrupt CTL 
epitope processing (85, 86). The observed lack of processing by itself, 
5 rather than the absence of autoreactive T cells by tolerization events, is 
sufficient to explain the lack of responsiveness to a potential self-epitope. 
Comparison of human and mouse proteasome digestion products (Fig 6) 
showed that proteasome cleavage is strikingly similar. Apparently 
proteasome function in mammals is highly conserved. This aspect makes 
10 HLA-transgenic mice an even more powerful tool to identify human CTL 
epitopes and to study relevant immune responses in animal models. 

Nevertheless, to avoid the possibility of evoking an autoimmune 
reaction, strategies to vaccinate against MTB might include immunization 

15 based on peptides or pDNA mini-genes expressing these epitopes which 
are not shared between human and bacterial hsp65. In particular, those 
epitopes that have earlier been reported to induce cross reactivity such as 
the HLA-DR or DQ presented ones that map to the 241-255 and 241-265 
stretches respectively should be avoided (87). As we have here shown 

20 that immunization with peptide Mhsp65(9 369 ) has resulted in a specific 
immune responses, it would be reasonable to suggest the use of this 
peptide as a preventive vaccine against the above mentioned pathogens, 
where a protective immune response could be CTL dependent. 
Alternatively it is possible to use this epitope in a therapeutic or a 

25 diagnostic setting, such as the basis for a vaccine. 

The present invention further relates to a polypeptide comprising an 
epitopic sequence selected from sequences homologous (differing by no 
more than 2 amino acid residues) from the sequences of SEQ ID NO: 2, 3, 
30 4, 7, 17 and 31, as well as fragments, analogs and derivatives of such 
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polypeptide, but not including the full length Mhsp65 or human heat shock 
protein 65 (Huhsp65). 

The terms "fragment," "derivative" and "analog" when referring to 
5 the polypeptide, means a polypeptide which retains essentially the same 
biological function or activity as such polypeptide. Thus, an analog includes 
a proprotein which can be activated by cleavage of the proprotein portion to 
produce an active mature polypeptide. Such fragments, derivatives and 
analogs must have sufficient similarity to the polypeptides comprising 
10 epitopes homologous to SEQ ID NO: 2, 3, 4, 7, 1 7 and 31 so that activity 
of the native polypeptide is retained. 

The polypeptide of the present invention may be a recombinant 
polypeptide, a natural polypeptide or a synthetic polypeptide, preferably a 
15 recombinant polypeptide. 

The fragment, derivative or analog of such a polypeptide may be (i) 
one in which one or more of the amino acid residues are substituted with a 
conserved or non-conserved amino acid residue (preferably a conserved 

20 amino acid residue) and such substituted amino acid residue may or may 
not be one encoded by the genetic code, or (ii) one in which one or more of 
the amino acid residues includes a substituent group, or (iii) one in which 
the mature polypeptide is fused with another compound, such as a 
compound to increase the half-life of the polypeptide (for example, 

25 polyethylene glycol), or (iv) one in which the additional amino acids are 
fused to the mature polypeptide, such as a leader or secretory sequence or 
a sequence which is employed for purification of the mature polypeptide or 
a proprotein sequence. Such fragments, derivatives and analogs are 
deemed to be within the scope of those skilled in the art from the teachings 

30 herein. 
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The polypeptides and polynucleotides of the present invention are 
preferably provided in an isolated form, and preferably are purified to 
homogeneity. 

5 The term "isolated" means that the material is removed from its 

original environment (e.g., the natural environment if it is naturally 
occurring). For example, a naturally-occurring polynucleotide or polypeptide 
present in a living animal is not isolated, but the same polynucleotide or 
polypeptide, separated from some or all of the coexisting materials in the 
10 natural system, is isolated. Such polynucleotides could be part of a vector 
and/or such polynucleotides or polypeptides could be part of a composition, 
and still be isolated in that such vector or composition is not part of its 
natural environment. 

15 As known in the art "similarity" between two polypeptides is 

determined by comparing the amino acid sequence and its conserved amino 
acid substitutes of one polypeptide to the sequence of a second 
polypeptide. 

20 In accordance with the present invention, the term "percent identity" 

or "percent identical," when referring to a sequence, means that a sequence 
is compared to a claimed or described sequence after alignment of the 
sequence to be compared (the "Compared Sequence") with the described or 
claimed sequence (the "Reference Sequence"). The Percent Identity is then 

25 determined according to the following formula: 

Percent Identity = 100 [1-(C/R)1 

wherein C is the number of differences between the Reference Sequence 
30 and the Compared Sequence over the length of alignment between the 
Reference Sequence and the Compared Sequence wherein (i) each base or 
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amino acid in the Reference Sequence that does not have a corresponding 
aligned base or amino acid in the Compared Sequence and (ii) each gap in 
the Reference Sequence and (iii) each aligned base or amino acid in the 
Reference Sequence that is different from an aligned base or amino acid in 
5 the Compared Sequence, constitutes a difference; and R is the number of 
bases or amino acids in the Reference Sequence over the length of the 
alignment with the Compared Sequence with any gap created in the 
Reference Sequence also being counted as a base or amino acid. 

10 If an alignment exists between the Compared Sequence and the 

Reference Sequence for which the percent identity as calculated above is 
about equal to or greater than a specified minimum Percent Identity then the 
Compared Sequence has the specified minimum percent identity to the 
Reference Sequence even though alignments may exist in which the 

15 hereinabove calculated Percent Identity is less than the specified Percent 
Identity. 

Fragments or portions of the polypeptides of the present invention 
may be employed for producing the corresponding full-length polypeptide by 

20 peptide synthesis; therefore, the fragments may be employed as 
intermediates for producing the full-length polypeptides. Fragments or 
portions of the polynucleotides of the present invention may be used to 
synthesize full-length polynucleotides of the present invention. 

As used herein, the terms "portion," "segment," and "fragment," 

25 when used in relation to polypeptides, refer to a continuous sequence of 
residues, such as amino acid residues, which sequence forms a subset of 
a larger sequence. For example, if a polypeptide were subjected to 
treatment with any of the common endopeptidases, such as trypsin or 
chymotrypsin, the oligopeptides resulting from such treatment would 

30 represent portions, segments or fragments of the starting polypeptide. 
This means that any such fragment will necessarily contain as part of its 
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amino acid sequence a segment, fragment or portion, that is substantially 
identical, if not exactly identical, to a sequence of SEQ ID NOs: 2, 3, 4, 7, 
17 and 31 . When used in relation to polynucleotides, such terms refer to 
the products produced by treatment of said polynucleotides with any of 
5 the common endonucleases. 

In accordance with the foregoing, the present invention relates to an 
isolated peptide of at least 8 amino acid residues in length (see Table 1 ) 
and having an amino acid sequence at least 75% identical to the 
sequence selected from the group consisting of SEQ ID NOS: 2, 3, 4, 7, 
10 1 7 and 31 , preferably 4. 

In another aspect, the present invention relates to an isolated 
peptide of no more than about 1 1 amino acids in length comprising a 
sequence selected from the group consisting of SEQ ID NOS: 2, 3, 4, 7, 
17 and 31. 

15 In one aspect, the present invention relates to an isolated 

nonapeptide having an amino acid sequence selected from the group 
consisting of SEQ ID NOS: 2, 3, 4 and 31 . 

In a separate embodiment, the present invention relates to an 
isolated nonapeptide having a sequence differing by no more than 1 
20 amino acid from a sequence selected from the group consisting of SEQ ID 
NOS: 2, 3, 4 and 31, preferably wherein the amino acid difference is a 
substitution of one conservative amino acid for another. 

In another aspect the present invention relates to an immunogen 
comprising one or more isolated peptides as disclosed herein, especially 
25 peptides with at least 85% sequence homology with the peptides of 
selected from the group consisting of the peptides of SEQ ID NOS: 2, 3, 
4, 7, 17 and 31, especially an immunogen comprising a polypeptide 
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containing the amino acid sequence of SEQ ID NO: 4, wherein said 
polypeptide is not the mycobacterial heat shock protein 65 or the human 
protein. 

In one embodiment, the present invention relates to an immunogen 
5 comprising a polypeptide, other than mycobacterial heat shock protein 65 
(Mhsp65) or Huhsp65 (or polypeptides highly homologous thereto), 
wherein said polypeptide comprises one or more epitopes selected from 
the peptides of SEQ ID NOS: 2, 3, 4, 7, 17 and 31 and wherein each said 
epitopic peptide may be present in one or more copies. 

10 In another aspect the present invention relates to an immunogen 

comprising a polynucleotide sequence coding for at least one cytotoxic T 
lymphocyte (CTL) epitope, wherein said epitope is selected from the 
peptides of SEQ ID NOS: 2, 3, 4, 7, 17 and 31 and wherein each said 
epitopic peptide may be present in one or more copies. 

15 The present invention also relates to a method for inducing a CTL 

response in vitro that is specific for an infectious microbe expressing at 
least one of the epitopes of SEQ ID NO: 2, 3, 4, 7, 17 and 31 wherein 
the method comprises contacting a precursor CTL with an immunogenic 
peptide selected from a group comprising the peptide immunogens 

20 disclosed herein, especially those described above, under conditions that 
generate a CTL response to the microbe. 

The present invention also relates to a method for inducing a CTL 
response in vitro that is specific for an infectious microbe expressing at 
least one of the epitopes of SEQ ID NO: 2, 3, 4, 7, 17 and 31 wherein 
25 the method comprises contacting a precursor CTL with an antigen 
presenting cell that has exogenously acquired one or more of the 
immunogens disclosed herein. 
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The present invention also relates to a method of inducing a CTL 
response in vitro that is specific for an infectious microbe expressing at 
least one of the epitopes of SEQ ID NO: 2, 3, 4, 7, 17 and 31 wherein 
the method comprises contacting a precursor CTL with an antigen 
5 presenting cell that is expressing a polynucleotide encoding an 
immunogen, or epitope, according to the invention but not including the 
polypeptide expressing the entire Mshp65 gene or Huhsp65. 

In another aspect, the present invention is directed to a method of 
treating a subject infected with an infectious microbe expressing at least 
10 one of the epitopes of SEQ ID NO: 2, 3, 4, 7, 17 and 31 wherein the 
CTLs induced by the methods disclosed herein are administered in an 
amount sufficient to destroy the infectious microbes through direct lysis 
or to effect the destruction of the infectious microbes indirectly through 
the elaboration of cytokines- 
is The method of the present invention is well suited to situations 
wherein the infectious microbe is selected from the group consisting of 
Mycobacteria, Chlamydia, Trypanosoma, Helicobacter, Leishmania, 
Trichomonas, Synechoccus, and Cowdria (as evidenced by the cross- 
reactivity disclosed in Table 3), as well as M. leprae, M. paratuberculosis, 
20 Brucella abortus, Leptospira interrogans, Legionella pneumophila, Coxiella 
burnetii. Staphylococcus aureus, Salmonella typhi, Yersinia enterocolitica. 
Neisseria meningitidis, Neisseria gonorrhoeae, Haemophilus influenzae and 
Pseudomonas aeruginosa, and including such organisms as 
Mycobacterium tuberculosis, Trichomonas vagina/is, Synechoccus 
25 vulcanis, and Cowdria ruminatium. Such organisms also include any of 
those mentioned in Table 4. 

In a preferred embodiment, the infectious microbe is a bacterium, 
especially a bacterium is of the genus Mycobacterium, most especially 
Mycobacterium tuberculosis. 
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In one aspect, the present invention relates to a method for 
inducing a CTL response in a subject comprising administering an 
immunogen comprising a peptide having an amino acid sequence selected 
from the group consisting of (a) SEQ ID NO: 2, 3, 7, 17 and 31; (b) a 
5 sequence differing from (a) by at least one but no more than 2 amino 
acids; (c) SEQ ID NO: 4; (d) a sequence differing from (c) by at least one 
but no more than 2 amino acids at least one CTL epitope, and wherein 
said immunogen is other than a bacterial heat shock protein 65 and 
wherein said peptide is other than a peptide contained in human heat 
10 shock protein 65. 

In another aspect the present invention relates to a method for 
inducing a CTL response in a subject, whereby the method comprises 
administering at least one CTL epitope, wherein said epitope is selected 
from a group consisting of the immunogens disclosed herein to an HLA IA 

15 positive subject, in an amount sufficient to induce a CTL response to 
infectious microbes expressing at least one of the epitopes of SEQ ID NO: 
2, 3, 4, 7, 17 and 31, or epitopic sequences homologous thereto, such as 
those differing therefrom by no more than 2 amino acid residues but 
wherein said immunogen is other than a bacterial heat shock protein 65 

20 and wherein said peptide is other than a peptide contained in human heat 
shock protein 65. 

The present invention also relates to a method for inducing a CTL 
response in a subject, whereby the method comprises administering an 
immunogen as disclosed herein to a subject, in an amount sufficient to 
25 induce a CTL response to infectious microbes expressing at least one of 
the epitopes of SEQ ID NO: 2, 3, 4, 7, 1 7 and 31 but wherein said 
immunogen is other than a bacterial heat shock protein 65 and wherein 
said peptide is other than a peptide contained in human heat shock 
protein 65. 
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In accordance with the present invention, a preferred embodiment 
for inducing the CTL responses disclosed herein involves situations 
wherein said induced CTL response is a CD8 + CTL response. 

5 The present invention further relates to use of polypeptides (other 

than Mhsp65 itself, or a protein highly homologous to Huhsp65) 
comprising the peptide epitopes disclosed herein as the basis for a 
vaccine or for the generation of protective antibodies and CTLs. One 
means for accomplishing this is by introducing a cell that expresses a 

10 protein or polypeptide that incorporates an epitopic sequence homologous 
to the epitopic sequences disclosed herein, especially SEQ ID NO: 2, 3, 4, 
7, 17 and 31, most especially 4, and wherein such homologous 
sequences will differ therefrom by no more than about 2 amino acid 
residues. Some such sequences are described in Table 4. The 

15 immunogens of the present invention comprise peptide epitopes wherein 
said immunogen is other than a bacterial heat shock protein 65 and 
wherein said peptide is other than a peptide contained in human heat 
shock protein 65. 

The pharmaceutical compositions useful herein also contain a 
20 pharmaceutical^ acceptable carrier, including any suitable diluent or 
excipient, which includes any pharmaceutical agent that does not itself 
induce the production of antibodies harmful to the individual receiving the 
composition, and which may be administered without undue toxicity. 
Pharmaceutically acceptable carriers include, but are not limited to, liquids 
25 such as water, saline, glycerol and ethanol, and the like, including carriers 
useful in forming sprays for nasal and other respiratory tract delivery or 
for delivery to the ophthalmic system. A thorough discussion of 
pharmaceutically acceptable carriers, diluents, and other excipients is 
presented in REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub. 
30 Co., N.J. current edition). 
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Vaccine compositions may further incorporate additional substances 
to stabilize pH, or to function as adjuvants, wetting agents, or emulsifying 
agents, which can serve to improve the effectiveness of the vaccine. The 
5 vaccine compositions of the present invention may further incorporate 
cytokines or co-stimulatory molecules as proteins or as plasmids coding for 
these proteins. 

The present invention also relates to use of vaccines comprising 
10 plasmids as vaccination agent (plasmid vaccines or pDNA vaccines) and 
which encode immunogens and polypeptides disclosed according to the 
invention, including plasmids that comprise DNA encoding active fragments 
of the immunogens and polypeptides disclosed according to the invention as 
well as DNA encoding minigenes of the active peptide epitopes. Such 
15 plasmid-based vaccines are commonly administered by subcutaneous, 
intramuscular, intradermal or other means of delivery, either through use of 
a needle or through ballistic means of administration, including, but not 
limited to, use of a gene gun. 

20 Based on cytotoxicity assays, an epitope is considered substantially 

identical to the reference peptide if it has at least 10% of the antigenic 
activity of the reference peptide as defined by the ability of the substituted 
peptide to reconstitute the epitope recognized by a CTL in comparison to 
the reference peptide. Thus, when comparing the lytic activity in the linear 

25 portion of the effectontarget curves with equimolar concentrations of the 
reference and substituted peptides, the observed percent specific killing of 
the target cells incubated with the substituted peptide should be equal to 
that of the reference peptide at an effectontarget ratio that is no greater 
than 10-fold above the reference peptide effectontarget ratio at which the 

30 comparison is being made. 
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Preferably, when the CTL specific for a peptide of SEQ ID NO: 2, 3, 
4, 7, 17 and 31 are tested against the substituted peptides, the peptide 
concentration at which the substituted peptides achieve half the maximal 
increase in lysis relative to background is no more than about 1 mM, 
5 preferably no more than about 1 /vM, more preferably no more than about 1 
nM, and still more preferably no more than about 100 pM, and most 
preferably no more than about 10 pM. It is also preferred that the 
substituted peptide be recognized by CTLs from more than one individual, at 
least two, and more preferably three individuals. 

10 

The immunogenic peptides of the present invention may be used to 
elicit CTLs ex vivo from either healthy individuals or from patients 
exhibiting symptoms of infection with a microbial organism, such a an 
individual with tuberculosis. Such responses are induced by incubating in 

15 tissue culture the individual's CTL precursor lymphocytes together with a 
source of antigen presenting cells and the appropriate immunogenic 
peptide. Examples of suitable antigen presenting cells include dendritic 
cells, macrophages, and activated B cells. Typically, the peptide at 
concentrations between 10 and 40 |ug/ml, would be pre-incubated with 

20 the antigen presenting cells for periods ranging from 1 to 1 8 hrs. p 2 - 
microglobulin (4 jug/ml) can be added during this time period to enhance 
binding. The antigen presenting cells may also be held at room 
temperature during the incubation period (Ljunggren, H.-G. et al., Nature, 
346:476-480, (1990)) or pretreated with acid (Zeh, H. J., Ill et al., 

25 Hum. Immunol., 39:79-86, (1994)) to promote the generation of 
denatured class I MHC molecules which can then bind the peptide. The 
precursor CTLs (responders) are then added to the antigen presenting 
cells to which the immunogenic peptide has bound (stimulators) at 
responder to stimulator ratios of between 5:1 and 50:1, and most 

30 typically between 10:1 and 20:1 . The co-cultivation of the cells is carried 
out at 37°C in RPMI 1640, 10% fetal bovine serum, 2 mM L-glutamine, 



29 



WO 01/16174 



PCT7IB00/01326 



and IL-2 (5-20 Units/ml). Other cytokines, such as IL-1, IL-7, and IL-12 
may also be added to the culture. Fresh IL-2-containing media is added to 
the cultures every 2-4 days, typically by removing one-half the old media 
and replenishing it with an equal volume of fresh media. After 7-10 days, 
5 and every 7-10 days thereafter, the CTL are restimulated with antigen 
presenting cells to which immunogenic peptide has been bound as 
described above. Fresh IL-2-containing media is added to the cells 
throughout their culture as described above. Three to four rounds of 
stimulation, and sometimes as many five to eight rounds of stimulation, 

10 are required to generate a CTL response that can then be measured in 
vitro. The above described protocol is illustrative only and should not be 
considered limiting. Many in vitro CTL stimulation protocols have been 
described and the choice of which one to use is well within the 
knowledge of the skilled artisan. The peptide-specific CTL can be further 

15 expanded to large numbers by treatment with anti-CD3 antibody. For 
example, see (Riddell, S. R. and Greenberg, P. D., J. Immunol. Methods, 
128:189-201, (1990); Walter, E. A. et al., N.Engl. J. Med., 333:1038- 
1044, (1995)). 

Antigen presenting cells that are to be used to stimulate a CTL 
20 response are typically incubated with peptide of an optimal length, most 
commonly a nonapeptide, that allows for direct binding of the peptide to 
the class I MHC molecule without additional processing. Larger 
oligopeptides and polypeptides are generally ineffective in binding to class 
I MHC molecules as they are not efficiently processed into an 
25 appropriately sized peptide in the extracellular milieu. There are a variety 
of approaches that are known in the art, however, that allow 
oligopeptides and polypeptides to be exogenously acquired by a cell, 
which then allows for their subsequent processing and presentation by a 
class I MHC molecule. Representative, but non-limiting, examples of such 
30 approaches include electroporation of the molecules into the cell (Harding, 
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C. H. Ill, Eur.J. Immunol., 22:1865-1869, (1992)), encapsulation of the 
molecules in liposomes which are fused to the cells of interest (Reddy, R. 
et al., J. Immunol. Methods, 141:157-163, (1991)), or osmotic shock in 
which the molecules are taken up via pinocytosis (Moore, M. W. et al., 
5 Cell, 54:777-785, (1988)). Thus, oligopeptides and polypeptides that 
comprise one or more of the peptides of the invention can be provided to 
antigen presenting cells in such a fashion that they are delivered to the 
cytoplasm of the cell, and are subsequently processed to allow 
presentation of the peptides. 

10 Antigen presenting cells suitable for stimulating an in vitro CTL 

response that is specific for one or more of the peptides of the invention 
can also be prepared by introducing polynucleotide vectors encoding the 
sequences into the cells. These polynucleotides can be designed such that 
they express only a single peptide of the invention, multiple peptides of 

15 the invention, or even a plurality of peptides of the invention. There are a 
variety of approaches that are known in the art, that allow 
polynucleotides to be introduced and expressed in a cell, thus providing 
one or more peptides of the invention to the class I MHC molecule binding 
pathway. Representative, but non-limiting, examples of such approaches 

20 include the introduction of plasmid DNA through particle-mediated gene 
transfer or electroporation (Tuting, T. et al., J. Immunol., 160:1 139-1 147, 
(1998)), or the transduction of cells with an adenovirus expressing the 
polynucleotide of interest (Perez-Diez, A. et al., Cancer Res., 58:5305- 
5309, (1998)). Thus, oligonucleotides that code for one or more of the 

25 peptides of the invention can be provided to antigen presenting cells in 
such a fashion that the peptides associate with class I MHC molecules 
and are presented on the surface of the antigen presenting cell, and 
consequently are available to stimulate a CTL response. 
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By preparing the stimulator cells used to generate an in vitro CTL 
response in different fashions, it is possible to control the peptide 
specificity of CTL response. For example, the CTLs generated with a 
particular peptide will necessarily be specific for that peptide. Likewise, 
5 CTLs that are generated with a polypeptide or polynucleotide expressing 
or coding for particular peptides will be limited to specificities that 
recognize those peptides. More broadly, stimulator cells, and more 
specifically dendritic cells, can be incubated in the presence of the whole 
Mhsp65 protein. As a further alternative, stimulator cells, and more 
specifically dendritic cells, can be transduced or transfected with RNA or 
DNA comprising the polynucleotide sequence of Mhsp65. Under these 
alternative conditions, peptide epitopes that are naturally cleaved out of 
the Mhsp65 protein, and which are generated in addition to peptide 
epitopes of SEQ ID NO: 2, 3, 4, 7, 17 and 31 can associate with an 
appropriate class I MHC molecule, which may or may not include HLA IA. 

In specific embodiments, the methods of the present invention 
include a method that comprises contacting a CTL precursor lymphocyte 
with an antigen presenting cell that has bound an immunogenic peptide 
selected from a group comprising the peptides disclosed according to the 
invention. 

In specific embodiments, the methods of the present invention 
include a method for inducing a CTL response in vitro that is specific for 
an infectious microbe HLA IA and Mhsp65, or proteins highly homologous 
thereto, whereby the method comprises contacting a CTL precursor 
lymphocyte with an antigen presenting cell that has exogenously acquired 
an immunogenic oligopeptide or polypeptide that comprises one or more 
of the peptides disclosed according to the invention. 
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An additional embodiment relates to a method of inducing a CTL 
response in vitro that is specific for an infectious microbe expressing the 
Mhsp65 protein, or a protein highly homologous thereto, whereby the 
method comprises contacting a CTL precursor lymphocyte with an 
5 antigen presenting cell that is expressing a polynucleotide encoding a 
polypeptide comprising an epitope differing by not more than 2 amino 
acid residues from SEQ ID NO: 2, 3, 4, 7, 17 and 31, especially 4. 

A yet additional embodiment of the present invention is directed to 
a method of inducing a CTL response in vitro that is specific for an 

10 infectious microbe expressing HLA IA and Mhsp65, or a protein highly 
homologous thereto. Such a method comprises contacting a CTL 
precursor lymphocyte with an antigen presenting cell that is expressing a 
polynucleotide coding for at least one CTL epitope of the invention, the 
polynucleotide is operably linked to a promoter and wherein the 

15 polynucleotide sequence does not include the entire Mhsp65 gene. 

A variety of techniques exist for assaying the activity of CTL. 
These techniques include the labeling of target cells with radionuclides 
such as Na 2 51 Cr0 4 or 3 H-thymidine, and measuring the release or retention 
of the radionuclides from the target cells as an index of cell death. Such 

20 assays are well-known in the art and their selection is left to those skilled 
in the art. Alternatively, CTLs are known to release a variety of cytokines 
when they are stimulated by an appropriate target cell. Non-limiting 
examples of such cytokines include IFN-y, TNFa, and GM-CSF. Assays for 
these cytokines are well known in the art, and their selection is left to the 

25 skilled artisan. Methodology for measuring both target cell death and 
cytokine release as a measure of CTL reactivity are given in (Coligan, J. E. 
et al, Current Protocols in Immunology, 1999, John Wiley & Sons, Inc., 
New York). 
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After expansion of the antigen-specific CTL, the cells can then be 
adoptively transferred back into the patient, where they will destroy their 
specific target cell. The utility of such adoptive transfer is demonstrated 
in (North, R. J. et al., Infect. Immun., 67:2010-2012, (1999); Riddell, S. 
5 R. et al., Science, 257:238-241, (1992)). In determining the amount of 
cells to reinfuse, the skilled physician will be guided by the total number 
of cells available, the activity of the CTL as measured in vitro, and the 
condition of the patient. Preferably, however, about 1 x 10 6 to about 1 x 
10 12 , more preferably about 1 x 10 8 to about 1 x 10 1 \ and even more 
10 preferably, about 1 x 10 9 to about 1 x 10 10 peptide-specific CTL are 
infused. Methodology for re-infusing the T cells into a patient are well 
known and exemplified in U.S. Patent No. 4,844,893 to Honski, et al., 
and U.S. Patent No. 4,690,915 to Rosenberg. 

The peptide-specific CTL can be purified from the stimulator cells 
15 prior to infusion into the patient. For example, monoclonal antibodies 
directed towards the cell surface protein CD8, present on CTL, can be 
used in conjunction with a variety of isolation techniques such as 
antibody panning, flow cytometric sorting, and magnetic bead separation 
to purify the peptide-specific CTL away from any remaining non-peptide 
20 specific lymphocytes or from the stimulator cells. These methods are 
well-known in the art, and are their selection is left to the skilled artisan. 

Another embodiment of the present invention relates to a method 
of treating a patient infected with a microbe expressing complexes of 
HLA-IA and Mhsp65, or a protein homologous, preferably highly 
25 homologous, thereto, whereby CTLs produced in vitro according to the 
present invention are administered in an amount sufficient to destroy the 
microbial cells through direct lysis or to effect the destruction of the 
microbial cells indirectly through the elaboration of cytokines. 
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Another embodiment of the present invention is directed to a 
method of treating a patient infected with a microbe expressing any class 
I MHC molecule and a gene encoding a protein homologous to Mhsp65, 
whereby the CTLs are produced in vitro and are specific for the Mhsp65 
5 gene and are administered in an amount sufficient to destroy the 
infectious microbes through direct lysis or to effect the destruction of the 
infectious microbes indirectly through the elaboration of cytokines. 

The present invention also relates to a method for inducing a CTL 
response in a subject comprising administering an immunogen comprising 

10 a peptide having an amino acid sequence selected from the group 
consisting of (a) SEQ ID NO: 2, 3, 7, 1 7 and 31; (b) a sequence differing 
from (a) by at least one but no more than 2 amino acids; (c) SEQ ID NO: 
4; (d) a sequence differing from (c) by at least one but no more than 2 
amino acids at least one CTL epitope, and wherein said immunogen is 

15 other than a bacterial heat shock protein 65 and wherein said peptide is 
other than a peptide contained in human heat shock protein 65. 

In another embodiment, the present invention is directed to a 
method for inducing a CTL response in a subject, comprising 
administering to a patient suffering from a microbial infection or at risk of 
20 such infection a polynucleotide encoding an immunogen recited above, 
including active fragments thereof, in an amount sufficient to induce a 
CTL response to infectious microbes. Such polynucleotide may be 
contained within a plasmid or within a viral vector. 

The present invention also relates to a method for inducing a CTL 
25 response in a subject, comprising administering to a patient suffering from 
a microbial infection or at risk of such infection a polynucleotide encoding 
a minigene an immunogen recited above in an amount sufficient to induce 
a CTL response to infectious microbes. 
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The ex vivo generated CTL can also be used to identify and isolate 
the T cell receptor molecules specific for the peptide. The genes encoding 
the alpha and beta chains of the T cell receptor can be cloned into an 
5 expression vector system and transferred and expressed in naive T cells 
from peripheral blood, T cells from lymph nodes, or T lymphocyte 
progenitor cells from bone marrow. These T cells, which would then be 
expressing a peptide-specific T cell receptor, would then have anti- 
microbial activity. 

10 Alternatively, the immunogenic peptides disclosed herein, as well 

as functionally similar homologs thereof, may be used to screen a sample 
for the presence of CTLs that specifically recognize the corresponding 
epitopes. The lymphocytes to be screened in this assay will normally be 
obtained from the peripheral blood, but could be obtained from other 

15 tissues. The peptides of the present invention may then be used as a 
diagnostic tool to evaluate the efficacy of the immunotherapeutic 
treatments disclosed herein. Thus, the in vitro generation of CTL as 
described above would be used to determine if patients are likely to 
respond to the peptide in vivo . Similarly, the in vitro generation of CTL 

20 could be done with samples of lymphocytes obtained from the patient 
before and after treatment with the peptides. Successful generation of 
CTL in vivo should then be recognized by a correspondingly easier ability 
to generate peptide-specific CTL in vitro from lymphocytes obtained 
following treatment in comparison to those obtained before treatment. 

25 As indicated above, a vaccine in accordance with the present 

invention may include one or more of the hereinabove described 
polypeptides or active fragments thereof, or a composition, or pool, of 
immunogenic peptides disclosed herein. When employing more than one 
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polypeptide or active fragment, such as two or more polypeptides and/or 
active fragments may be used as a physical mixture or as a fusion of two or 
more polypeptides or active fragments. The fusion fragment or fusion 
polypeptide may be produced, for example, by recombinant techniques or 
5 by the use of appropriate linkers for fusing previously prepared polypeptides 
or active fragments. 

The immunogenic molecules of the invention, including vaccine 
compositions, may be utilized according to the present invention for 
purposes of preventing, suppressing or treating infections causing the 

10 expression of the immunogenic peptides disclosed herein, such as where 
the antigen is being expressed by microbial cells. As used in accordance 
with the present invention, the term "prevention" relates to a process of 
prophylaxis in which an animal, especially a mammal, and most especially 
a human, is exposed to an immunogen of the present invention prior to 

15 the induction or onset of the infectious process. Alternatively, the 
immunogen could be administered to the general population as is 
frequently done for infectious diseases like those disclosed herein. The 
term "treatment" is often utilized to mean the clinical application of 
agents to combat an already existing conditions whose clinical 

20 presentation has already been realized in a patient. This would occur 
where an individual has already been diagnosed as having an infection. 

The peptides and polypeptides of the invention may also be 
delivered with an adjuvant. Adjuvants include, but are not limited to 
complete or incomplete Freund's adjuvant, Montanide ISA-51, aluminum 
25 phosphate, aluminum hydroxide, alum, and saponin. Adjuvant effects can 
also be obtained by injecting a variety of cytokines along with the 
immunogens of the invention. These cytokines include, but are not limited 
to IL-1, IL-2, IL-7, IL-12, and GM-CSF. 
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The peptides and polypeptides of the invention can also be added 
to professional antigen presenting cells such as dendritic cells that have 
been prepared ex vivo. For example, the dendritic cells could be prepared 
from CD34 positive stem cells from the bone marrow, or they could be 
5 prepared from CD 14 positive monocytes obtained from the peripheral 
blood. The dendritic cells are generated ex vivo using cytokines such as 
GM-CSF, IL-3, IL-4, TNF, and SCF. The cultured DC are then pulsed with 
peptides at various concentrations using standard methods that are well 
known in the art. The peptide-pulsed dendritic cells can then be 
10 administered either intravenously, subcutaneously, or intradermally, and 
the immunization may also include cytokines such as IL-2 or IL-12. 

A specific embodiment of the present invention relates to a method 
for inducing a CTL response in a subject, wherein the immunogen is in the 
form of one or more peptides. The method comprises administering to 

15 subjects that express HLA I A, at least one CTL epitope, wherein said 
epitope or epitopes are selected from a group comprising the peptides 
disclosed according to the invention, in an amount sufficient to induce a 
CTL response to an infectious microbe, especially those disclosed herein, 
expressing HLA IA and a protein homologous to mycobacterial heat shock 

20 protein 65. 

A further embodiment of the present invention relates to a method 
for inducing a CTL response in a subject, wherein the immunogen is in the 
form of one or more oligopeptides or polypeptides. The method comprises 
administering to subjects that express HLA IA at least one CTL-inducing 
25 epitope, wherein said epitope or epitopes are selected from a group 
comprising the peptides disclosed according to the invention, especially 
epitopes differing by no more than two amino acids from SEQ ID NO: 2, 
3, 4, 7, 17 and 31, and are contained within oligopeptides or 
polypeptides that do not comprise the entire Mhsp65 or Huhsp65, in an 
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amount sufficient to induce a CTL response to infectious microbes, 
especially those disclosed herein, most especially M. tuberculosis, 
expressing HLA IA and a protein homologous to mycobacterial heat shock 
protein 65 (Mhsp65). 

5 A still further embodiment of the present invention relates to a 

method for inducing a CTL response in a subject, wherein the immunogen 
is in the form of a polynucleotide. The method comprises administering to 
subjects that express HLA IA and at least one CTL-inducing epitope, 
wherein said epitope or epitopes are selected from a group comprising the 
epitopic peptides disclosed according to the invention, and are coded 
within a polynucleotide sequence that does not comprise the entire 
Mhsp65 gene or Huhsp65 gene, in an amount sufficient to induce a CTL 
response to infectious microbes, especially those disclosed herein (see 
Tables 3 and 4), most especially M. tuberculosis, expressing HLA IA and 
a protein homologous to mycobacterial heat shock protein 65 (Mhsp65). 

In carrying out the procedures of the present invention it is of 
course to be understood that reference to particular buffers, media, 
reagents, cells, culture conditions and the like are not intended to be 
limiting, but are to be read so as to include all related materials that one 
of ordinary skill in the art would recognize as being of interest or value in 
the particular context in which that discussion is presented. For example, 
it is often possible to substitute one buffer system or culture medium for 
another and still achieve similar, if not identical, results. Those of skill in 
the art will have sufficient knowledge of such systems and methodologies 
so as to be able, without undue experimentation, to make such 
substitutions as will optimally serve their purposes in using the methods 
and procedures disclosed herein. 

The present invention will now be further described by way of the 
following non-limiting examples. In applying the disclosure of these 
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examples, it should be kept clearly in mind that other and different 
embodiments of the methods disclosed according to the present invention 
will no doubt suggest themselves to those of skill in the relevant art. 

5 

GENERAL METHODS USED 

For purposes of the disclosure herein, the following abbreviations 
are used: Ag, antigen; Ab, antibody; CTL, cytotoxic T lymphocyte; HLA, 
10 human leukocytes antigen; hsp, heat shock protein; bacillus Calmette- 
Guerin; MHC, major histocompatibility complex; IFA, incomplete Freund's 
adjuvant; IFN, interferon; p, plasmid; Th, T helper; TNF, tumor necrosis 
factor. 

15 Plasmids 

Mycobacterium bovis bacille Calmette-Guerin hsp 65 cDNA was 
excised from plasmid pRIB1300 (kindly provided by Dr. R. v d Zee, 
Utrecht University, The Netherlands). It was cloned in the multiple cloning 
site of plasmid pcDNA3 (Invitrogene, The Netherlands). The identity and 

20 the orientation of the gene in the resulting plasmid (p3M.65) was tested 
by restriction mapping. The expression was tested by transient 
transfection in COS-7 cells followed by western blot and immune 
detection by an anti Mycobacterial hsp65 specific monoclonal antibody 
DC-16 (kindly provided by Dr. Joraj Ivanyi, London, UK). The resulting 

25 band confirmed to the size of Mhsp 65 as judged by comparison to 
molecular weight marker and to the recombinant Mhsp 65 protein. Details 
about these procedure are to be published elsewhere (J. Charo et al., 
manuscript in preparation). 

30 Peptide selection and synthesis 
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Candidate HLA-A*0201 binding peptides from hsp65 were selected 
using the MOTIFS software (52) and by the algorithm by K.C. Parker (see 
Parker et al, Sequence motifs important for peptide binding to the human 
MHC Class I molecule, HLA-A2, J. Immunol. 149, 3580 (1992) and 
5 Parker et al, Peptide binding to Class I MHC molecules: Implications for 
antigenic peptide prediction, Immunol. Res. 14, 34 (1995). Positive 
scores were given for each potential anchor residue found in the peptide, 
and negative scores for individual anchor and inhibitor residues. All 
peptides with predicted scores of at least 44 were selected as potential 
10 binders. 

Peptides were made on an Abimed 422 synthesizer (Langerfeld, 
Germany) using TentagelS AC resins (Rapp, Tubingen, Germany) in 
combination with Fmoc chemistry (53). The purity of the peptides was 

15 checked on reversed phase HPLC and was shown to be routinely over 
75%. As the standard in the peptide binding assay the peptide HBV core 
p47-56 was used in which position 52 was substituted with cysteine 
(FLPSDCFPSV, SEQ ID NO: 57). Labeling of the cysteine in the peptides 
was performed with 4-(iodoacetamido) fluorescein (Fluka Chemie AG, 

20 Buchs) at pH 8 in a mixture of 250 \x\ Sodium phosphate buffer 0.15 M 
and 150 acetonitrile (54). Peptides were purified on HPLC before use. 

HLA-A*0201, P2m and HLA-A*0201 Peptide binding assay 

Recombinant HLA-A*0201 was over-expressed in E. coli, purified 
25 as described (55) and dissolved in 8 M urea. The integrity of the protein 
was confirmed by Maldi-Tof mass spectrometry using insulin as an 
internal reference. Human p2m was purchased from Sigma (St. Louis, 
Mo.) and dissolved in H 2 0. Heavy chain (50 mM) stock solutions were 
stored at -20°C until use. 
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HLA-A*0201 was titered in the presence of 100 fmol standard 
peptide to determine the HLA concentration necessary to bind 20-50% of 
the total fluorescent signal as described (56). 

5 Mice 

HLA-A*0201/Kb transgenic mice (kindly provided by Dr. L. 
Sherman, Scripps laboratories, San Diego, CA) used in this study have 
been described (49). Mice were propagated and held in our SPF 
environment in the MTC animal house at the Karolinska Institute. These 
mice express a chimeric MHC class I molecule in which the a1 and a2 
domains are of the HLA-A*0201 molecule while the a3, transmembrane 
and cytoplasmic domains are of the mouse H2 Kb molecule. This 
construction permits the binding of mouse CD8 molecule on the T cell to 
interact with the a3 domain of the chimeric molecule. The surface 
expression of the HLA-A*0201 /Kb was confirmed using HLA-A*0201 
specific FITC-conjugated monoclonal antibody (One Lambda, CA) and 
assessed by flow cytometry using FACSCAN (Becton Dickinson & Co., 
Mountain View, CA). 

Immunization 

Eight to fourteen weeks old female or male mice were used in 
these experiments. Each mouse received either 20 ^g of p3M.65 plasmid 
i. m. and an adjuvant (J. Charo et.al. manuscript in preparation) in PBS or 
50 jag peptide plus 1 % BSA in PBS emulsified with equal volume of IFA 
as described earlier (57, 58) (Sigma, St. Louis, Ml). 

Target Cell lines 

Jurkat A*0201/Kb, a human T cell leukemia HLA-A*0201 negative 
cells stably transfected with the HLA-A*0201 /Kb chimeric gene (kindly 
provided by Dr. W. M. Kast, Loyola university, Maywood, IL). The T2 is a 
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TAP 1/2 deficient and HLA-A2 + cell line. JY is an HLA-A2 + B- 
lymphoblastoide cell line. 

The generation of specific CTL lines and clones 

5 Peptide specific mouse CTL lines were prepared in 1 2 well plates 

as follows. Splenocytes, from immunized or control non-immunized mice, 
were plated at 6 x 10 6 cell/well and co-cultured with three million peptide 
pulsed (5 jag) syngeneic splenocytes. After 6-8 days they were assayed 
for cytotoxicity as indicated below. 

10 

Human CTL lines were generated by using monocyte derived 
dendritic cells, pulsed with peptide (50 //g/ml for 3 hours in the presence 
of 3 /vg/ml P2m (Sigma), as stimulator cells for a responder population of 
purified CD8 + T cells. The culture medium was IMDM (Gibco) 

15 supplemented with 10 % human pooled serum. After seven days of 
culture with recombinant IL7 (20 ng/ml) and 1112 (100 pg/ml) (Genzyme, 
NV, Leuven, Belgium), IL2 (Cetus) was added at a final concentration of 
25 CU/ml. Cells were restimulated weekly using autologous peptide 
pulsed monocytes. At the same time cells were checked by FACS 

20 analysis(N.V. Becton Dickinson S.A., Belgium) for the % of CD8 + and 
CD4 + cells. If the % CD8 was lower than 90%, the CD4 + cells were 
depleted using MACS (Miltenyi Biotec GmbH) beads. 

Cytotoxicity assays 

25 Cell mediated cytotoxicity was measured by a 51 Cr release assay. 

One million target cells were incubated at 37 C in the presence of 200 
jLiCi of Sodium 51 Cr Chromate (Amersham, UK) for 1 hour, washed three 
times and re-suspended in complete medium at 10 5 cells/ml in the 
presence or absence of 10 g of the relevant peptide. The test was 

30 performed by incubating 5 x 10 3 target cells at different effector to target 
ratio in triplicate wells at a final volume of 200 |il in v-bottomed 96 well 
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plates. They were incubated for 4 hours at 37°C after which supernatants 
were harvested and used to determine specific lysis using the following 
equation: percent specific release = 100 x (experimental release - 
spontaneous release)/(maximum release - spontaneous release). 

5 

Proliferation Test 

Splenocytes were harvested from immunized mice. A single cell 
suspension was prepared and ceils were re-suspended at 3 x 10 6 cells per 
ml in IMDM supplemented with 10% FBS and L-Glu and antibiotics. 

10 Peptides were added at 5 jug/ml, Mhsp65 and PPD at 10 g/ml 
concentrations. Cultures were incubated for 5 days at 37°C in 7.5% C0 2 . 
One mCi of tritium labeled thymidine was added to each well of U shaped 
bottom 96 well plates. Cells were further incubated for 1 8 hours in the 
same conditions as above and harvested. The amount of incorporated 

15 tritium labeled thymidine was measured using Beta Plate reader (Wallac, 
Turku, Finland). Test samples were set up in triplicates and the SDs were 
<10%. 
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Cytokine assays 

Mixed CTL and monocytes cultures were prepared by mixing 1x10 6 
CTLs plus 1x10 5 monocytes per ml. Supernatants were collected after 72 
hours of culture and were tested for the presence of IFN-y using 
5 commercially available matched antibody pairs (Mabtech, Stockholm) 
according to the manufacturers procedures. Alternatively, 18 hour- 
supernatants were added to WEHI cells for the determination of TNF-a 
concentrations. IFN-y ELIspot was performed in 96 microwell plates 
(Millipor SA, Molsheim, France) which were coated with 10 |ug/ml of 
capturing antibody R4-6A2 (hybridoma purchased from ATCC, VA) and 
then blocked with AIM-V 10 % FCS (Life technology, Paisly, Scotland) for 
2 hours in 37°C. Irradiated splenocytes (2.5 x 10 5 ) were added as APCs 
to each well. 500 cells from Clone D1 were then added to the 
splenocytes together with the peptide at different concentrations. Cells 
were incubated for 16 hours, with or without blocking with the HLA class 
I specific antibody W6/32 (hybridoma purchased from ATCC, VA), in 
37°C and 10% C0 2 atmosphere. The plates were washed 6x with PBS + 
0.05% Tween followed by the addition of the biotin labeled rat Anti- 
Mouse IFN-y Ab (Pharmingen, CA) and incubated for 2 hours at room 
temperature. After 6 further washes with PBS+ 0.05% Tween 
Streptavidin-ALP was added and the plates were incubated for one hour 
at room temperature. Finally spots were developed with substrate 
(NBT/BCIP combo, Life technology, Paisly, Scotland). The spot counting 
was performed using a stereo microscope. 

Proteasome digestion assay 

20S proteasomes were purified from RMA cells and HeLa cells as 
described (59). Peptides (26-mers were incubated with 1 fig of purified 
proteasome at 37°C for 30 minutes, 2 and 8 hours in 300 jaL of 
proteasome digestion buffer (20mM HEPES pH 7.8, 2mM MgAc 2 , 1mM 
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DTT). Addition of 10 uL of acetic acid stopped the digestion. Before 
analysis by MS, peptide digestions were kept at -70°C. 

Mass spectrometry 

5 Electrospray ionization mass spectrometry was performed on a 

hybrid quadrupole time-of-flight mass spectrometer, a Q-TOF (Micromass, 
Manchester, UK), equipped with an on-line nanoelectrospray interface 
(capillary tip 20 um internal diameter x 90 um outer diameter) with an 
approximate flow rate of 250 nl/min. This flow was obtained by splitting 

10 of the 0.4 ml/min flow of a conventional high pressure gradient system 1 
to 1000, using an Acurate flow splitter (LC Packings, Amsterdam, The 
Netherlands). Injections were done with a dedicated micro/nano HPLC 
autosampler, the FAMOS (LC Packings, Amsterdam, The Netherlands), 
equipped with two extra valves for phase system switching experiments. 

15 Digestion solutions were diluted five times in water/methanol/acetic acid 
95/5/1 v/v/v, and 1 |ul was trapped on the precolumn (MCA-300-05-C8; 
LC Packings, Amsterdam) in water/methanol/acetic acid 95/5/1 v/v/v. 
Washing of the precolumn was done for three minutes to remove the 
buffers present in the digests. Subsequently the trapped analytes were 

20 eluted with a steep gradient going from 70% B to 90% B in 10 minutes, 
with a flow of 250 nl/min. (A: water/methanol/acetic acid 95/5/1; B: 
water/methanol/acetic acid 10/90/1). This low elution flow rate allows for 
a few additional MS/MS experiments if necessary during the same elution. 
Mass spectra were recorded from mass 50-2000 Da every second with a 

25 resolution of 5000 FWHM. The resolution allows direct determination of 
the monoisotopic mass, also from multiple charged ions. In MS/MS mode 
ions were selected with a window of 2 Da with the first quadrupole and 
fragments were collected with high efficiency with the orthogonal time- 
of-flight mass spectrometer. The collision gas applied was argon (4 x 10- 

30 5 mbar), and the collision voltage appr. 30 V. The peaks in the mass 
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spectra were searched in the digested 26-mer peptides using the 
Biolynx/proteins software supplied with the mass spectrometer. 

Identification of peptides from mycobacterial hsp 65 that bind to HLA- 
5 A*0201. 

The Mhsp 65 amino acid sequence was analyzed for the presence 
of HLA-A*0201 consensus binding motifs, as previously described (52), 
and the 54 highest scoring peptides were synthesized. Twenty-three were 
nonamer, 18 decamer and 13 were eleven-mer peptides. The amino acid 
sequences and the position of these peptides are shown in Table I. 

To determine the binding affinity of the Mhsp 65 peptides to HLA- 
A*0201, peptides were analyzed for their ability to compete with a 
standard peptide (HBV core 47 . 56 ) in a flurometric assay (54, 56). While the 
majority of these peptides (n = 25) were high affinity binders with an IC 50 
of <0.75 nM, 18 of them were intermediate affinity binders (IC 50 1.4-14 
j^M) and the rest (n=1 1) were low affinity or non-binders (IC 50 >20 |iM). 
As the majority of TCR epitopes are high- or intermediate- affinity MHC 
class-l binders, and as low to non-binding peptides were recently shown 
to be poorly processed naturally and non immunogenic (51, 60), we 
restricted our further studies to the 43 high- and intermediate- binding, 
potential CTL epitope encoding peptides. 

EXAMPLE 1 

Induction of HLA-A*0201 specific CTL responses by DNA immunization 
and establishment of Mhsp 65 peptide specific T cell lines 

A2/Kb transgenic mice were immunized by intra-muscular injection 
of a plasmid containing the full length M. hsp65 gene (p3M.65) co- 
injected with an adjuvant, which enhances DNA immunization. Two 
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weeks after the primary or the secondary immunization, spleen cells from 
immunized mice were re-stimulated in vitro with syngeneic splenocytes 
pulsed with 5 ^xg/ml of each of the 43 potential CTL epitopes. Five to 
seven days later, cells were tested for peptide specific, HLA-A*0201 
5 restricted cytotoxicity, using as target cells the human T cell line Jurkat 
transfected with an HLA-A2/Kb (Jk-A2/Kb) construct with or without 
peptide. Cytotoxicity was considered specific when the percent of 51 Cr 
release was more than 1 5 percent and the cytotoxicity towards the 
relevant peptide coated targets was more than twice that seen for 
10 negative control targets. Based on these criteria six HLA-A*0201 
restricted CTL epitopes were identified: peptides Mhsp65(9 416 ), 
Mhsp65(9 362 ), Mhsp65(9 369 ), Mhsp65(1 0 97 ), Mhsp65(1 1 500 ) and 
Mhsp65(9 21 ) which all triggered a moderate to strong CTL response (Fig. 
1a-d). 

15 

Peptide specific CTL lines were then tested for their ability to 
recognize and kill the human T2 cell line, an HLA-A*0201 target that 
does not express the mouse CD8 binding region of MHC class I. T2 cells 
were strongly lysed by the Mhsp65(9 369 ) specific CTL line when pulsed 

20 with the cognate peptide, while no specific response could be detected 
against pulsed T2 cells with the Mhsp65(9 416 ), Mhsp65(9 362 ) or 
Mhsp65(1 0 97 ) specific CTL lines (Figure 2). These results strongly suggest 
that peptide Mhsp65(9 369 ) induces high-affinity CTL which can lyse target 
cells even without the additional binding affinity conferred by CD8-MHC 

25 class I interaction (61), while CTL induced against other Mhsp65 epitopes 
were dependent on CD8. Since DNA immunization largely results in 
antigen presentation via the endogenous MHC class I processing 
pathway, it is also likely that these Mhsp65 epitopes are "naturally" 
processed (see also below). 

30 
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Due to the high homology of hsp65 among organisms we checked 
for the homology between the defined hsp65 epitopes and the 
corresponding sequences from other pathogens. Of particular interest, 
epitope Mhsp65(9 369 ) was identical in a large number of pathogens. When 
5 all public databases ( Non-Redundant GenBank CDS 
translations + PDB + SwissProt + PIR + PRF Peptide Sequence Databases) 
were BLAST searched there were more than 500 sequences which were 
identical to or shared a high homology to this peptide. Homologous 
sequences were here defined according to the criteria of the BLASTp 

10 search program at NCBI { www.ncbi.nlm.nih.gov/blast/). These aligned 
homologous sequences are given in Table 4 (a good indicator for potential 
substitutions), together with their protein and species of origin as well as 
starting and ending amino acid numbers. The peptides covering most of 
these homologous sequences were tested by the inventors for cross 

15 reactivity with a T cell line specific for the Mhsp65(9 369 ) epitope. As can 
be seen in Table 3, the Mhsp65(9 369 ) reactive T cell line was found to 
recognize several of these peptide homologues derived from human 
pathogenic microorganisms 

20 Peptides Mhsp65(9 416 ), Mhsp65(9 362 ) / Mhsp65(1 0 97 ), 

Mhsp65(1 1 500 ) and Mhsp65(9 21 ) were identical (see Table 4) to the 
corresponding hsp65 sequences from only a limited number (n<10) of 
these pathogens. Moreover, an analogue to Mhsp65(9 369 ) in which 
isoleucine at position 9 was substituted with leucine, which is the 

25 corresponding sequence from hsp65 in some pathogenic bacteria such as 
Porphyromonas Gingivalis (PG), was also able to induce specific CTL from 
the splenocytes of Mhsp65 pDNA immunized mice. This CTL line lysed 
the JK-A2/Kb cells pulsed with the analogue PGhsp65(9 369 ) but not the 
unpulsed or HIV peptide pulsed cells (Fig. 3). Thus, and because of its 

30 strong immunogenicity in the HLA A2/Kb model, the Mhsp65(9 369 ) epitope 
was chosen for further analysis. 
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EXAMPLE 2 

The induction of HLA-A*0201 specific cytotoxic, proliferative and 
5 cytokine responses by peptide immunization and establishment of 

Mhsp65(9 369 ) specific CTL clones 

To test the ability of Mhsp65(9 369 ) to induce HLA-A*0201 
restricted CTL we immunized A2/Kb transgenic mice subcutaneously with 

10 50 jug of the Mhsp65(9 369 ) peptide or with the control influenza MP 
derived peptide emulsified in IFA. Ten to fifteen days later splenocytes 
from these mice were tested for their ability to kill Jk-A2/Kb target cells 
which were pulsed or unpulsed with Mhsp65(9 369 ), or the corresponding 
homologous epitope from human hsp65 (Huhsp65(9 396 )), which is 

15 identical to the corresponding mouse sequence, or irrelevant control 
peptides. A significant killing of Mhsp65(9 369 ) pulsed targets as compared 
to control targets was observed. No killing of target pulsed with the 
homologous human epitope Huhsp65(9 396 ) could be detected, ruling out 
the possibility of inducing a cross reactive immune response to human 

20 hsp65 upon immunization with the Mhsp65(9 369 ) (Fig. 4a). 

A strong proliferative response to the Mhsp65(9 369 ) epitope, as well 
as to recombinant Mhsp65 protein and PPD could be detected in 
splenocytes from mice immunized with this epitope but not from mice 
25 immunized with the A2 binding peptide from the influenza MP (Fig. 4b), 
suggesting that the Mhsp65(9 369 ) epitope is naturally processed. 

Three specific CTL clones were obtained from this CTL line by 
limiting dilution. Clones B5, C2 and D1 all killed Mhsp65(9 369 ) pulsed 
30 target cells (Fig. 5a). Two of these clones (C2 and D1) were also able to 
produce IFN-y in response to peptide specific stimulation as analyzed by 
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IFN-y specific ELIspot assay (data not shown). Cells from clone D1 
responded specifically to Mhsp65(9 369 ) and to PGhsp65(9 369 ) by producing 
IFN-y f while the homologous Huhsp65(9 396 ) peptide or a control HIV 
peptide could not induce such a response (Fig. 5b). This response was 
5 HLA class I restricted as blocking with class I specific antibody reduced 
the response to the background level (Fig. 5c). 



EXAMPLE 3 

Proteasome-mediated processing of Mhsp65 and Huhsp65 peptides. 



To investigate the processing of the Mhsp65(9 369 ), an in vitro 
proteasome digestion analysis was performed. For this purpose three 26- 
mer synthetic peptides were used as substrates for proteasome digestion: 
the first 26-mer peptide harbored the Mhsp65(9 369 ); the second 26-mer 
contained the human Huhsp65(9 396 ) homologue; and the third 26-mer 
peptide harbored another Mhsp65 9-mer sequence that bound with high 
affinity to HLA-A*0201 (Tablel; peptide 9 509 ), but that was not 
recognized by CTL (Fig. 1a). In each case the 9-mer sequence was 
flanked by the naturally surrounding amino acids. For these experiments 
20S proteasomes purified from the murine cell line RMA and the human 
cell line HeLa were used. After digestion at different time points the 
resulting peptide fragments were identified by Mass spectrometry as 
shown in Table 2. Both human and mouse proteasomes generate almost 
identical digestion products from the Mhsp65(9 369 ) containing 26-mer, 
indicating that processing of this epitope in both transgenic mouse and 
human is similar. Figure 6 (panels A and C) shows the generation of the 
relevant epitope containing peptide fragments from the Mhsp65 sequence 
in time. The C-terminus of the epitope is used as a dominant proteasome 
cleavage site whereas three different N-terminal cleavage sites are used 
resulting in three epitope-containing fragments that can all be relevant 
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epitope precursors. Comparison of proteasome-mediated processing of 
the Huhsp65(9 396 ) human homologue sequence reveals that no potential 
epitope-containing fragment could be detected (Fig. 6, panels B and D). 
Only a long 1 8-mer precursor could be detected that decreased by time, 
5 suggesting further cleavage of this fragment into irrelevant small 
fragments for CTL recognition. Similarly, the Mhsp65(9 509 ) containing 26- 
mer yielded no potential epitope-containing fragments (Table 2). 

These experiments show that the Mhsp65(9 369 ) epitope can be 
10 efficiently processed from its natural amino acid sequence, whereas the 
human homologue peptide as well as another Mhsp65 peptide that was 
not recognized by CTL, are not generated, thereby precluding induction of 
MHC class I restricted responses to these peptides. 



15 

EXAMPLE 4 

The induction of Mhsp65(9 369 ) specific human CTL 



Two essential questions relating to vaccine development are 
20 whether Mhsp65(9 369 ) specific T cells are present in the human T cell 
repertoire, and whether such T cells are able to recognize mycobacterium- 
infected macrophages. In order to address these issues, PBL from a HLA- 
A*0201 + donor were stimulated by Mhsp65(9 369 ) loaded, in vitro 
cultured mature autologous DC. Cells were repeatedly depleted of CD4 + T 
25 cells, resulting in the production of a T line with >90% CD8 + T cells as 
determined by FACs analysis (data not shown). After three re- 
stimulations, this CTL line lysed JY target cells pulsed with peptide 
Mhsp65(9 369 ) but not with a control peptide (Fig. 7a ). The same CTL line 
also produced TNF-a in response to peptides Mhsp65(9 369 ) and 
30 PGhsp65(9 369 ) (Fig. 7b). Importantly, this CTL line was also able to 
produce TNF-a and IFN-y in response to BCG infected but not to non- 
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infected monocytes (Fig. 7 c and d), showing that the Mhsp65(9 369 ) 
epitope is processed and presented by mycobacterium infected human 
macrophages. 

5 

Table 1. List of HLA-A*0201 binding peptides from hsp-65 and their binding 
affinities 





Sequence SEQ ID NO 


Position 


A ^50 vH iV1 / 


Mhsp65(9 5 o9) 


GLFLTTEAV 


1 


MJy-M / 


0 o^ 




TLLQAAPTL 


2 


A 1 A1A 


n n^ 


Mnspoj(,y362 / ) 


KLQERLAKL 


3 


^A9 'XICi 


n 1 n 


Mnspo J\y369 ) 


KLAGGVAVI 


4 


o/cq ^77 


n 1 9 

U.1Z 


ivinspor>^y233 ) 


PLLEKVIGA 


5 


9^ 941 


0 1 1 


MnSpOD^l 1366 J 


RLAKLAGGVAV 


6 


^7A 


n 1 ^ 
u. 1 


MnspoD( 1 U97 ) 


ALVREGLRNV 


7 


Q7 1 OA 


U.l J 


Mnspo!>( 1 U485 ) 


LLAAGVADPV 


8 


452^ AQA 


n 1 a 

U. 1 O 


Mhsp65(9 36 6) 


RLAKLAGGV 


9 


366-374 


0.19 


Mhsp65(9 28 6) 


MLQDMAILT 


10 


286-294 


0.29 


Mhsp65(9i 8 ) 


GLNALADAV 


11 


18-26 


0.30 


Mhsp65(10 3 o 5 ) 


LTLENADLSL 


12 


305-314 


0.33 


Mhsp65(10 2 i 2 ) 


VLEDPYILLV 


13 


212-221 


0.43 


Mhsp65(9 2 i 2 ) 


VLEDPYILL 


14 


212-220 


0.43 


Mhsp65(10 2]9 ) 


LLVSSKVSTV 


15 


219-228 


0.47 


Mhsp65(ll 3 i3) 


SLLGKARKVW 


16 


313-323 


0.53 


Mhsp65(ll 50 o) 


ALQNAASIAGL 


17 


500-510 


0.53 
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Mhsp65(10 2 i) 


ALADAVKVTL 


Mhsp65(9 3 i3) 


SLLGKARKV 


Mhsp65(9i29) 


TLLKGAKEV 


Mhsp65(ll 2 i8) 


ILLVSSKVSTV 


Mhsp65(9 30 6) 


TLENADLSL 


Mhsp65(9 2 i 7 ) 


YILLVSSKV 


Mhsp65(9 3 o4) 


GLTLENADL 


Mhsp65(lli 8 ) 


GLNALADAVKV 


Mhsp65(ll 3 04) 


GLTLENADLSL 


Mhsp65(10 50 9) 


GLFLTTEAVV 


Mhsp65(10 67 ) 


KIGAELVKEV 


Mhsp65(ll 4 84) 


DLLAAGVADPV 


Mhsp65(10 376 ) 


VIKAGAATEV 


Mhsp65(9 2 i) 


ALADAVKVT 


Mhsp65(10 298 ) 


VISEEVGLTL 


Mhsp65(9i 4 ) 


GLERGLNAL 


Mhsp65(ll 93 ) 


VLAQALVREGL 


Mhsp65(10n 4 ) 


GLKRGIEKAV 


Mhsp65(9 26 4) 


KIRGTFKSV 


Mhsp65(ll 4 i7) 


LLQAAPTLDEL 


Mhsp65(10i 58 ) 


DLIAEAMDKV 


Mhsp65(10 306 ) 


TLENADLSLL 


Mhsp65(9 n8 ) 


GIEKAVEKV 


Mhsp65(ll 456 ) 


GLEPGVVAEKV 
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18 21-30 0.57 

19 313-321 0.57 

20 129-137 0.57 

21 218-228 0.58 

22 306-314 0.60 

23 217-225 0.70 

24 304-312 0.70 

25 18-28 0.75 

26 304-314 1.0 

27 509-518 1.0 

28 67-76 1.2 

29 484-494 1.4 

30 376-385 1.7 

31 21-29 2.0 

32 298-307 2.1 

33 14-22 2.1 

34 93-103 3.2 

35 114-123 3.2 

36 264-272 3.3 

37 417-427 4.3 

38 158-167 5.0 

39 306-315 5.3 

40 118-126 5.8 

41 456-466 6.3 
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Mhsp65(10 2 i 8 ) 


ILLVSSKVST 


Mhsp65(10 29 ) 


TLGPKGRNW 


Mhsp65(9 32 3) 


VTKDETTIV 


Mhsp65(9 3 i 4 ) 


LLGKARKVV 


Mhsp65(ll 2 9) 


TLGPKGRNWL 


Mhsp65(ll 4 47) 


PLKQIAFNSGL 


Mhsp65(l 1 31 1) 


DLSLLGKARKV 


Mhsp65(10 31 3) 


SLLGKARKVV 


Mhsp65(10 3 i 4 ) 


LLGKARKVVV 


Mhsp65(10 230 ) 


DLLPLLEKVI 


Mhsp65(9 244 ) 


PLLIIAEDV 


Mhsp65(9 29 ) 


TLGPKGRNV 


Mhsp65(9 60 ) 


ELEDPYEKI 


Huhsp65(9 39 6) 


KLSDGVAVL 


PGhsp65(9 369 ) 


KLAGGVAVL 
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42 218-227 7.3 

43 29-38 14 

44 323-331 >20 

45 314-322 >20 

46 29-39 >20 

47 447-457 >20 

48 311-321 >50 

49 313-322 >50 

50 314-323 >50 

51 230-239 >50 

52 244-252 >50 

53 29-37 >50 

54 60-68 >50 

55 396-404 6.5 

56 369-377 0.12 



Binding affinity defined as the ability of the test peptide to inhibit 50% 
of the binding of a fluorescein labeled standard peptide to the 
recombinant HLA-A2 /|32m complex as described in the experimental 
5 procedures. 
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Table 2: Overview of the peptide fragments generated by proteasome-mediated 
digestion 



Sequence 



Residue Relative amount of peptide 
RMA HeLa 



(A) 

5 EKLQERLAKLAGGVAVIKAGAATE 
EKLQERLAKLAGGVAVI KAGA 
EKLQERLAKLAGGVAVIKA 
EKLQERLAKLAGGVAVI K 
EKLQERLAKLAGGVAVI 
10 EKLQERLAKLA 
EKLQERLAKL 

AKL AGGVAVI KAGAATE VE 
KLAGGVAVI KAGAATEVE 



15 



AGGVAVI KAGAATEVE 



GGVAVI KAGAATEVE 



20 



KLQERLAKL AGGVAVI KAGAATE 
LAKL AGGVAVI KA 

AKL AGGVAVI K 
LAKLAGGVAVI 
AKLAGGVAVI 
KLAGGVAVI 



361-384 10.0 



361-381 20.8 



361-379 37.4 



361-378 



361-377 



361-371 



368- 386 

369- 386 

371- 386 

372- 384 
362-384 

367- 379 

368- 378 

367- 377 

368- 377 

369- 377 



3 . 7 



3 . 0 



4.8 



361-370 11.9 



1 . 1 

2 . 8 
0.9 
0 . 8 
0.3 
0.4 
0.6 
0.4 
0.6 



9.4 
2 . 8 
34 . 9 
4 .6 
2.9 

4 . 7 
23 . 3 

2 .4 
2 . 5 

5 . 7 
1.4 
0.7 
0.7 
1.1 
0 . 8 
0.2 
0.9 
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KE KLNERLAKL SDGVAVLKV 
EKLNERLAKLSDGVAVL 

KE KLNERLAKL SDGVAV 
5 KE KLNERLAKL SD 
KE KLNE RLAKL 

AKL SDGVAVL KVGGTSDV 
SDGVAVLKVGGTSDV 
GVAVL KVGGTSDV 
10 SDGVAVLKV 
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386- 406 6.6 2.2 

387- 404 3.5 2.2 

386- 403 - 1.0 

387- 399 16.3 20.4 
387-385 12.0 13.8 
395-412 12.4 2.9 
386-412 10.6 12.8 
400-412 37.7 43.9 
386-406 0.9 0.8 



(C) 

QNAAS I AGLFLTTEAWADKPEKEKA 502-527 100 100 

26-mer synthetic peptides containing Mhsp65(9369)(A), Huhsp65(9396)(B) 
and a non recognized Mhsp65(9509)(C) sequence with their respective 
natural flanking amino acids were proteasome digested for 30 minutes. 
Purified 20S proteasomes from the murine cell line RMA and the human cell 
line HeLa are used. In bold are depicted the core HLA-A*0201 high affinity 
binding peptide sequences. The same fragments were found after longer 
digestion periods. The relative amount of peptide fragments generated by 
proteasome-mediated cleavage is given as percentage of the total amount of 
peptide fragments generated. 

The Indicated sequences correspond, from top to bottom, to SEQ ID 
NO: 58 to 83, respectively. 
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Table 3 



Summary of results demonstrating cross-reactivity between the mycobacterial hsp65 
(Mhsp65) peptide KLAGGVAVI and peptides derived from homologous regions of 
5 hsp65 derived from other organisms. 



Homologous 
Amino acid 
sequence * 


Summary of results as 
tested by the ELISPOT 

~ ~ ~ . , * * rf: * 

assay 


Examples of species from which 
the homologous heat shock 
protein was uenveu 


KLAGGVAVI 

( Mhsp65(9 36 9)) ** 


+++ 


Mycobacterium 
Tuberculosis 


KLSDGVAVL 




Homo Sapiens 


KLRNGVAVL 




Rickettsia tsutsugamushi 


KLSGGVAVI 


+++ 


Chlamydia, Trypanosoma, 
Helicobacter, Leishmania. 


KLTGGVAVI 


+++ 


Trichomonas vaginalis 


KLVGGVAVI 


+++ 


Synechoccus vulcanus 


KLSGGVAVL 


++ 


Rickettsia prowazekii, Cowdria 
ruminatium 



* Only the a.a. sequence is given, since the actual position in the molecule varies 
between different molecules containing this sequence. 

10 

** This peptide epitope is identical in a number of microorganisms (see Table 4), 
including: Salmonella typhi, Vibrio cholerae, Yersinia enter ocolitica, Bordetella 
pertussis, Stafylococcus aureus. 

15 *** Cross-reactivity is here defined arbitrarily, where +++ denotes a strong reactivity 
and - the absence of reactivity. This was tested by a CD8+ T cell line specific for 
the Mhsp65(9 36 9) peptide KLAGGVAVI, in an ELISPOT assay detecting the 
frequency of T cells responding by Interferon gamma production in response to the 
respective peptide as specified in column 1 . 

20 

**** This column exemplifies species from which the homologous heat shock protein 
was derived. 



25 Reference for ELISPOT assay; 

1 . Taguchi, T., J. R. McGhee, R. L. Cofftnan, K. W. Beagley, J. H. Eldridge, K. 
Takatsu, and H. Kiyono. 1990. Detection of individual mouse splenic T cells 
producing IFN-gamma and IL-5 using the enzyme-linked immunospot 
(ELISPOT) assay. J Immunol Methods 128:65. 
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WHAT IS CLAIMED IS: 

1 . An isolated peptide of at least 8 amino acid residues in length 
and having an amino acid sequence at least 75% identical to the 

5 sequence selected from the group consisting of SEQ ID NOS: 2, 3, 4, 7, 
17 and 31 . 

2. An isolated peptide of no more than about 1 1 amino acids in 
length comprising a sequence selected from the group consisting of SEQ 
ID NOS: 2, 3, 4, 7, 1 7 and 31. 

10 3. An isolated nonapeptide having an amino acid sequence differing 

by no more than about 2 amino acids from the sequences selected from 
the group consisting of SEQ ID NOS: 2, 3, 4 and 31 . 

4. An isolated nonapeptide having a sequence differing by no more 
than 1 amino acid from a sequence selected from the group consisting of 

15 SEQ ID NOS: 2, 3, 4 and 31 . 

5. The isolated nonapeptide of claim 4 wherein the amino acid 
difference is a substitution of one conservative amino acid for another. 

6. An immunogen or immunogenic composition comprising one or 
more isolated peptides selected from the group consisting of the peptides 

20 of claims 1 , 2, 3, 4, and*5. 

7. An immunogen or immunogenic composition comprising a 
polypeptide of the amino acid sequence of SEQ ID NO:4. 

8. An immunogen or immunogenic composition comprising a 
polypeptide, other than mycobacterial heat shock protein 65 (Mhsp65) or 

25 a protein homologous to human heat shock protein, wherein said 
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polypeptide comprises one or more epitopes selected from the peptides of 
claims 1 through 5, and wherein each said epitopic peptide may be 
present in one or more copies. 

9. An immunogen or immunogenic composition comprising a 
5 polynucleotide encoding a CTL-specific epitope wherein said epitope is 
selected from a group consisting of the peptides of claims 1,2,3, 4, and 
5 and operably linked to a promoter, and wherein the polynucleotide 
sequence does not include the entire Mhsp65 gene or a gene highly 
homologous to the human heat shock protein 65 gene. 

10 10. The immunogen of claim 9 wherein said immunogen is a 

plasmid comprising said polynucleotide encoding a CTL-specific epitope. 

1 1 . A vaccine composition comprising an immunologically active 
amount of the immunogens of claims 6, 7, 8, 9 and 10. 

12. A method for inducing a CTL response in vitro that is specific 
15 for an infectious microbe expressing at least one of the epitopes of SEQ 
ID NO: 2, 3, 4, 7, 17 and 31 wherein the method comprises contacting a 
precursor CTL with an immunogenic peptide selected from a group 
comprising the peptide immunogens of claims 6 and 7 under conditions 
that generate a CTL response to the microbe. 

20 13. A method for inducing a CTL response in vitro that is specific 

for an infectious microbe expressing at least one of the epitopes of SEQ 
ID NO: 2, 3, 4, 7, 17 and 31 wherein the method comprises contacting a 
precursor CTL with an antigen presenting cell that has exogenously 
acquired the immunogen of claim 8. 

25 14. A method of inducing a CTL response in vitro that is specific 

for an infectious microbe expressing at least one of the epitopes of SEQ 
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ID NO: 2, 3, 4, 7, 17 and 31 wherein the method comprises contacting a 
precursor CTL with an antigen presenting cell that is expressing a 
polynucleotide of claim 1 0 or 11. 

15. A method of treating a subject infected with an infectious 
microbe expressing at least one of the epitopes of SEQ ID NO: 2, 3, 4, 7, 
17 and 31 wherein the CTLs induced by the methods of claims 12, 13, or 
14 are administered in an amount sufficient to destroy the infectious 
microbes through direct lysis or to effect the destruction of the infectious 
microbes indirectly through the elaboration of cytokines. 

16. The method of claims 12, 13, 14 and 15 wherein said 
infectious microbe is selected from the group consisting of Mycobacteria, 
Rickettsia, Chlamydia, Trypanosoma, Helicobacter, Leishmania, 
Trichomonas, Synechoccus, and Cowdria. 

17. The method of claim 16 wherein said infectious microbe is 
selected from the group consisting of Mycobacterium tuberculosis, 
Trichomonas vaginalis, Synechoccus vu lean is, and Cowdria ruminatium. 

18. The method of claims 12, 13, 14 and 15 wherein said 
infectious microbe is selected from the group consisting of M. leprae, M. 
paratuberculosis, Brucella abortus, Leptospira interrogans, Legionella 
pneumophila, Coxiella burnetii, Staphylococcus aureus, Salmonella typhi, 
Yersinia enterocolitica, Neisseria meningitidis, Neisseria gonorrhoeae, 
Haemophilus influenzae and Pseudomonas aeruginosa. 

19. The method of claims 12, 13, 14 and 15 wherein said 
infectious microbe is a microbe selected from the group of organisms of 
Table 4. 

20. The method of claim 19 wherein said bacterium is a bacterium. 
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21. The method of claims 20 wherein said bacterium is a member 
of the genus Mycobacterium. 

22. A method for inducing a CTL response in a subject comprising 
administering an immunogen comprising a peptide having an amino acid 

5 sequence selected from the group consisting of (a) SEQ ID NO: 2, 3, 7, 
17 and 31; (b) a sequence differing from (a) by at least one but no more 
than 2 amino acids; (c) SEQ ID NO: 4; (d) a sequence differing from (c) by 
at least one but no more than 2 amino acids at least one CTL epitope, and 
wherein said immunogen is other than a bacterial heat shock protein 65 
10 and wherein said peptide is other than a peptide contained in human heat 
shock protein 65. 

23. A method for inducing a CTL response in a subject, comprising 
administering to a patient suffering from a microbial infection or at risk of 
such infection a polynucleotide encoding an immunogen recited in claim 

15 22, including active fragments thereof, in an amount sufficient to induce 
a CTL response to infectious microbes. 

24. The method of claim 24 wherein said polynucleotide is 
contained in a plasmid. 

20 25. A method for inducing a CTL response in a subject, comprising 

administering to a patient suffering from a microbial infection or at risk of 
such infection a polynucleotide encoding a minigene an immunogen 
recited in claim 22 in an amount sufficient to induce a CTL response to 
infectious microbes. 

25 
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SEQUENCE LISTING 

<110> Kiessling, Rolf 
Charo, Jehad M. 
Otenhoff , Tom H. 
Geluk, Annemiek 

<120> Induction of Cytotoxic T Lymphocyte Response by HLA 
Class IA Restricted Epitopes of Mycobacterial Heat 
Shock Protein 65 

<130> 336580-2 

<140> 
<141> 

<150> U.S. 60/151,396 
<151> 1999-08-30 

<160> 85 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 1 

Gly Leu Phe Leu Thr Thr Glu Ala Val 
1 5 



<210> 2 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 2 

Thr Leu Leu Gin Ala Ala Pro Thr Leu 
1 5 



<210> 3 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 
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<400> 3 

Lys Leu Gin Glu Arg Leu Ala Lys Leu 
1 5 



<210> 4 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 4 

Lys Leu Ala Gly Gly Val Ala Val lie 
1 5 



<210> 5 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 5 

Pro Leu Leu Glu Lys Val lie Gly Ala 
1 5 



<210> 6 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 6 5 epitopic peptide sequence. 

<400> 6 

Arg Leu Ala Lys Leu Ala Gly Gly Val Ala Val 
15 10 



<210> 7 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 7 

Ala Leu Val Arg Glu Gly Leu Arg Asn Val 
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10 



<210> 8 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 8 

Leu Leu Ala Ala Gly Val Ala Asp Pro Val 
15 10 



<210> 9 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 9 

Arg Leu Ala Lys Leu Ala Gly Gly Val 
1 5 



<210> 10 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 10 

Met His Gin Asp Met Ala lie Leu Thr 
1 5 



<210> 11 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 11 

Gly Leu Asn Ala Leu Ala Asp Ala Val 
1 5 
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<210> 12 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 12 

Leu Thr Leu Glu Asn Ala Asp Leu Ser Leu 
15 10 



<210> 13 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 13 

Val Leu Glu Asp Pro Tyr lie Leu Leu Val 
15 10 



<210> 14 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 14 

Val Leu Glu Asp Pro Tyr lie Leu Leu 
1 5 



<210> 15 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 15 

Leu Leu Val Ser Ser Lys Val Ser Thr Val 
15 10 



<210> 16 
<211> 11 
<212> PRT 



4 



WO 01/16174 



PCT7IB00/01326 



<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 16 

Ser Leu Leu Gly Lys Ala Arg Lys Val Val Val 
15 10 



<210> 17 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 17 

Ala Leu Gin Asn Ala Ala Ser lie Ala Gly Leu 
15 10 



<210> 18 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 18 

Ala Leu Ala Asp Ala Val Lys Val Thr Leu 
15 10 



<210> 19 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 19 

Ser Leu Leu Gly Lys Ala Arg Lys Val 
1 5 



<210> 20 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 20 

Thr Leu Leu Lys Gly Ala Lys Glu Val 
1 5 



<210> 21 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 21 

lie Leu Leu Val Ser Ser Lys Val Ser Thr Val 
15 10 



<210> 22 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 22 

Thr Leu Glu Asn Ala Asp Leu Ser Leu 
1 5 



<210> 23 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 23 

Tyr lie Leu Leu Val Ser Ser Lys Val 
1 5 



<210> 24 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 
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<400> 24 

Gly Leu Thr Leu Glu Asn Ala Asp Leu 
1 5 



<210> 25 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 25 

Gly Leu Asn Ala Leu Ala Asp Ala Val Lys Val 
15 10 



<210> 26 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 26 

Gly Leu Thr Leu Glu Asn Ala Asp Leu Ser Leu 
15 10 



<210> 27 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 27 

Gly Leu Phe Leu Thr Thr Glu Ala Val Val 
15 10 



<210> 28 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 28 

Lys He Gly Ala Glu Leu Val Lys Glu Val 
15 10 
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<210> 29 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 6 5 epi topic peptide sequence. 

<400> 29 

Asp Leu Leu Ala Ala Gly Val Ala Asp Pro Val 
1.5 10 



<210> 30 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 30 

Val lie Lys Ala Gly Ala Ala Thr Glu Val 
15 10 



<210> 31 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 31 

Ala Leu Ala Asp Ala Val Lys Val Thr 
1 5 



<210> 32 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 32 

Val lie Ser Glu Glu Val Gly Leu Thr Leu 
15 10 



<210> 33 
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<211> 9 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 33 

Gly Leu Glu Arg Gly Leu Asn Ala Leu 
1 5 



<210> 34 

<211> 11 

<212> PRT 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 34 

Val Leu Ala Gin Ala Leu Val Arg Glu Gly Leu 
15 10 



<210> 35 

<211> 10 

<212> PRT 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 35 

Gly Leu Lys Arg Gly lie Glu Lys Ala Val 
15 10 



<210> 36 
<211> 9 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 36 

Lys lie Arg Gly Thr Phe Lys Ser Val 
1 5 



<210> 37 

<211> 11 

<212> PRT 

<213> Artificial 



Sequence 
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<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 37 

Leu Leu Gin Ala Ala Pro Thr Leu Asp Glu Leu 
15 10 



<210> 38 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 38 

Asp Leu lie Ala Glu Ala Met Asp Lys Val 
15 10 



<210> 39 

<211> 10 

<212> PRT 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 39 

Thr Leu Glu Asn Ala Asp Leu Ser Leu Leu 
15 10 



<210> 40 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 40 

Gly He Glu Lys Ala Val Glu Lys Val 
1 5 



<210> 41 

<211> 11 

<212> PRT 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : Heat shock 
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protein 65 epitopic peptide sequence. 
<400> 41 

Gly Leu Glu Pro Gly Val Val Ala Glu Lys Val 
15 10 



<210> 42 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 42 

lie Leu Leu Val Ser Ser Lys Val Ser Thr 
15 10 



<210> 43 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 43 

Thr Leu Gly Pro Lys Gly Arg Asn Val Val 
15 10 



<210> 44 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 44 

Val Thr Lys Asp Glu Thr Thr lie Val 
1 5 



<210> 45 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 6 5 epitopic peptide sequence. 

<400> 45 
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Leu Leu Gly Lys Ala Arg Lys Val Val 
1 5 



<210> 46 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 46 

Thr Leu Gly Pro Lys Gly Arg Asn Val Val Leu 
15 10 



<210> 47 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 47 

Pro Leu Lys Gin lie Ala Phe Asn Ser Gly Leu 
15 10 



<210> 48 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 48 

Asp Leu Ser Leu Leu Gly Lys Ala Arg Lys Val 
15 10 



<210> 49 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 49 

Ser Leu Leu Gly Lys Ala Arg Lys Val Val 
1 5 10 
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<210> 50 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 50 

Leu Leu Gly Lys Ala Arg Lys Val Val Val 
15 10 



<210> 51 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 51 

Asp Leu Leu Pro Leu Leu Glu Lys Val lie 
15 10 



<210> 52 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 52 

Pro Leu Leu lie lie Ala Glu Asp Val 
1 5 



<210> 53 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 53 

Thr Leu Gly Pro Lys Gly Arg Asn Val 
1 5 



<210> 54 
<211> 9 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 54 

Glu Leu Glu Asp Pro Tyr Glu Lys lie 
1 5 



<210> 55 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 55 

Lys Leu Ser Asp Gly Val Ala Val Leu 
1 5 



<210> 56 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 56 

Lys Leu Ala Gly Gly Val Ala Val Leu 
1 5 



<210> 57 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Heat shock 
protein 65 epitopic peptide sequence. 

<400> 57 

Phe Leu Pro Ser Asp Cys Phe Pro Ser Val 
15 10 



<210> 58 

<211> 24 

<212> PRT 

<213> Artificial 



Sequence 
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<220> 

<223> Description of Artificial Sequence : Proteo some 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 58 

Glu Lys Leu Gin Glu Arg Leu Ala Lys Leu Ala Gly Gly Val Ala Val 
15 10 15 

lie Lys Ala Gly Ala Ala Thr Glu 
20 



<210> 59 
<211> 21 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids . 

<400> 59 

Glu Lys Leu Gin Glu Arg Leu Ala Lys Leu Ala Gly Gly Val Ala Val 
15 10 15 

He Lys Ala Gly Ala 
20 



<210> 60 
<211> 19 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 60 

Glu Lys Leu Gin Glu Arg Leu Ala Lys Leu Ala Gly Gly Val Ala Val 
15 10 15 

He Lys Ala 



<210> 61 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids . 
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<400> 61 

Glu Lys Leu Gin Glu Arg Leu Ala 
1 * 5 

lie Lys 



Lys Leu Ala Gly Gly Val Ala Val 
10 15 



<210> 62 
<211> 17 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Pro teo some 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 62 

Glu Lys Leu Gin Glu Arg Leu Ala Lys Leu Ala Gly Gly Val Ala Val 
15 10 15 

lie 



<210> 63 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Pro teosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 63 

Glu Lys Leu Gin Glu Arg Leu Ala Lys Leu Ala 
15 10 



<210> 64 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 64 

Glu Lys Leu Gin Glu Arg Leu Ala Lys Leu 
1 5 10 



<210> 65 
<211> 19 
<212> PRT 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 65 

Ala Lys Leu Ala Gly Gly Val Ala Val He Lys Ala Gly Ala Ala Thr 
15 10 15 

Glu Val Glu 



<210> 66 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 66 

Lys Leu Ala Gly Gly Val Ala Val He Lys Ala Gly Ala Ala Thr Glu 
15 10 15 

Val Glu 



<210> 67 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids . 

<400> 67 

Ala Gly Gly Val Ala Val lie Lys Ala Gly Ala Ala Thr Glu Val Glu 
1 5 10 15 



<210> 68 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids . 

<400> 68 
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Gly Gly Val Ala Val He Lys Ala Gly Ala Ala Thr Glu Val Glu 
1 5 10 15 



<210> 69 
<211> 23 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids . 

<400> 69 

Lys Leu Gin Glu Arg Leu Ala Lys Leu Ala Gly Gly Val Ala Val lie 
15 10 15 

Lys Ala Gly Ala Ala Thr Glu 
2 0 



<210> 70 

<211> 13 

<212> PRT 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids . 

<400> 70 

Leu Ala Lys Leu Ala Gly Gly Val Ala Val lie Lys Ala 
15 10 



<210> 71 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 71 

Ala Lys Leu Ala Gly Gly Val Ala Val lie Lys 
1 5 10 



<210> 72 

<211> 11 

<212> PRT 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence : Proteosome 
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digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 72 

Leu Ala Lys Leu Ala Gly Gly Val Ala Val lie 
15 10 



<210> 73 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 73 

Ala Lys Leu Ala Gly Gly Val Ala Val lie 
15 10 



<210> 74 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 74 

Lys Glu Lys Leu Asn Glu Arg Leu Ala Lys Leu Ser Asp Gly Val Ala 
15 10 15 

Val Leu Lys Val 
20 



<210> 75 
<211> 17 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 75 

Glu Lys Leu Asn Glu Arg Leu Ala Lys Leu Ser Asp Gly Val Ala Val 
15 10 15 

Leu 
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<210> 76 
<211> 17 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Pro teosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 76 

Lys Glu Lys Leu Asn Glu Arg Leu Ala Lys Leu Ser Asp Gly Val Ala 
15 10 15 



Val 



<210> 77 
<211> 13 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 77 

Lys Glu Lys Leu Asn Glu Arg Leu Ala Lys Leu Ser Asp 
15 10 



<210> 78 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 78 

Lys Glu Lys Leu Asn Glu Arg Leu Ala Lys Leu 
15 10 



<210> 79 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 79 
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Ala Lys Leu Ser Asp Gly Val Ala Val Leu Lys Val Gly Gly Thr Ser 
1 5 10 15 

Asp Val 



<210> 80 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 80 

Ser Asp Gly Val Ala Val Leu Lys Val Gly Gly Thr Ser Asp Val 
1 5 10 15 



<210> 81 
<211> 13 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids . 

<400> 81 

Gly Val Ala Val Leu Lys Val Gly Gly Thr Ser Asp Val 
15 10 



<210> 82 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 82 

Ser Asp Gly Val Ala Val Leu Lys Val 
1 5 



<210> 83 
<211> 26 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Proteosome 
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digested heat shock peptide epitopes with 
f lankingamino acids. 

<400> 83 

Gin Asn Ala Ala Ser lie Ala Gly Leu Phe Leu Thr Thr Glu Ala Val 
15 10 15 

Val Ala Asp Lys Pro Glu Lys Glu Lys Ala 
20 25 



<210> 84 
<211> 26 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : 26 -mer peptide 
from Mhsp65 protein. 

<400> 84 

Glu Lys Leu Gin Glu Arg Leu Ala Lys Leu Ala Gly Gly Val Ala Val 
15 10 15 

He Lys Ala Gly Ala Ala Thr Glu Val Glu 
20 25 



<210> 85 
<211> 26 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
from Huhsp65 protein. 

<400> 85 

Lys Glu Lys Leu Asn Glu Arg Leu 
1 5 

Val Leu Lys Val Gly Gly Thr Ser 
20 



Sequence : 26 -mer peptide 



Ala Lys Leu Ser Asp Gly Val Ala 
10 15 

Asp Val 
25 
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